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THE CRYSTAL STRUCTURE OF DIPHENYL AT 
DIFFERENT TEMPERATURES* 

U. S. R. KRISHNA MUKT1 

Optics Department, Injhan Association tow the Cultivation ot Science, 

J adavpu ii, Calcutta- 3 2 

( liacaived for publication September 13, 1 95(5) 

Plate I 

ABSTRACT. Tlio dimensions of iho unit cell ol the crystal of diphenyl at 32 U U and 
— 1 80 l ("! were determined by taking the Debye-Schemr patterns at those tnmpemtuies. The 
unit cell dimensions at 32"C are a - 8.2!) A.tJ., b - 5.82 AD, c — !),48 A.tJ , ami ft ^ H4 LI 41 
and at -IH0°C, a = 7.5)8 A.U., b - 5.70 A U., r - 0.37 A U and ft - 95°2I'. The coeJh- 
cients of oxpansion a a , «/, and a c along Ihe tlueo crystallographic hxcm a, b and <: m the 
range — J8(J°C to 32 u () are 18 33 v 10 r >, 0,03 X l(K* and 5.54 X UK 1 respectively. The Hinuil 
change in the angle of /? at — 180 LI C is uttubuted to u small rotation ol molecules m the unit 
cell. 1 1 is pointed out that the larger contraction along «-uxis is consistent with the orien- 
tation of the molecules m the unit coll. 

I NTROD 00 T ION 

The space group t.o which the crystal of diphenyl at room temperature be- 
longs was determined by several previous woikeis. Hongstenberg and Mark 
(1929) took rotation photographs about a and 6 axes and found the space group 
to be 0 2/t fi 5 the unit cell dimensions of the crystal being a — 8.22 A.U., b =- 5.69 
A.U., c = 9.50 A LI and // - 94 8°. Next Clark and Pickett (1990) arrived al- 
most at the same values by taking the rotation, oscillation and Lane photographs 
of the crystal Later, l)har (1932) repeated the investigation in order to find 
the positions ol atoms in the molecule in the unit cell and he reported the unit 
cell dimensions to conform to a — 8.38 A.tJ., b — 5 82 A. 0., r; — 9.47 A.tJ. and 
// ==. 95‘TS'. These values are slightly higher than those reported by previous 
workers. He further reported that the molecule is inclined to the cell laces and 
no crystallographic axis is m the plane of the molecule, but the two benzene rings 
are flat regular hexagons lying m one plane. 

The ultraviolet absorption spectra of diphenyl in the liquid state at S0°0 
and in the solid stale at 3(V’C and -J8() U C, were studied by Lei) (1953). He 
pointed out that the very broad baud observed in the liquid state is split up into 
two broad bands when the liquid is solidified and kept at 3 (T’0 and when the solid 
is cooled to — 180°0, these bands become sharper and are resolved into nine 
distinct bands. It has been pointed out by him that these results can be inter- 

* Communicated by Prof. IS. C. Sirltai 



1 


G. S. H. Krishna Murli 


preted on the assumption that the excited state electronic energy level is split 
up into three components when the crystal is cooled to— 180°G. 

ft was not known whether the crystal structure of diphenyl changes when 
the temperature is lowered to — 180 0. Ho it was thought worthwhile to study 
the Debyc-Ncherrer patterms of the crystal at room temperature and at — 180°0 
to find out whether there is any change in the structure of the crystal with the 
lowering of temperature. 

E X P E It 1 M E N T A I. 

Chemically pure diphenyl was taken from the. original packing ol‘ Merck's 
and was redistilled under reduced pressure, The specimen lor Pebye-Schener 
pattern was prepared as described in an earlier paper (Krishna Marti and Hen, 
1950) The diameter of the specimen used was about 0.03 cms. 

A Heifert X-ray tube operating at 20 mA, 32 KV was used and an exposure 
of about 2£ hours was sufficient t<o jocord the Dcbye-Hclion er patterns with 
model ate densities Copper radiation filtered through a nickel filter to cutoff 
lift lines was used to photograph the patterns The distance from specimen to 
the film was measured accurately by taking the Dehye-Heherrer pattern \of 
rocksalt. The distance w'as 5.20 cms. 

The Debyo-Heherrer pattern of the crystal at - 18() V C was recorded by using 
the low' temperature camera described earlier by Krishna Murti and Hen (1950). 
►Several photographs under the same conditions were taken to verify the genuine- 
ness of the results Spacings were calculated from the diameteis of the rings 
which could be measured correct to about 0.05 mm * 

It E IS E L 'I 1 H & VIS V U S S 1 0 N 

The spacings corresponding to the rings observed for the* crystal at diffcicnt 
temperatures are given m Table I in which the spacings calculated from the data 
of previous workers are also given for comparison. The intensities of Debyc- 
Scherrer rings are indicated in parentheses Home of the representative patterns 
are reproduced in Plate I. 

It can lie seen from 'fable 1 that the spacings observed fin the crystal at room 
temperature (32 M 0) are slightly larger than the corresponding spacings calculated 
from the data of llengs ten berg and Maik (1929) and Clark and Pjekett (1930). 
This clearly points to slightly larger values lor the unit cell dimensions. The 
indices ol different rings observed in the Debyo-Seh error pattern are, assigned 
with the help of the intensities of the planes given by Hengstenberg and Mark 
(1929). 

Tlie dimensions ol the unit cell calculated from some of the intense rings 
observed in the case of the crystal at 32 t, C are 

a S 29 A.i: , 0 — 5.82 A.U., c ^ 9.48 A.U., and ft 
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PLATE I 



Debye-Schrrrcr patti ms of diphenyl at difTeiem tempi ralurrs. 

(a) Specimtn at 't2 r '(J 

(Radius of the camera = fp°4 Cins) 


( h) Specimen at — 1 Bo‘ C 

(Radius ot the (Damira = Cms) 
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TABLE T 

Spacings of the crystal ol diphenyl 


Planes j 

i 

Calculated 

si tarings from 

the data of 

j Observed 

32°0 

spacings 

-180°C 

Mark & Clark and 

Hangatnnharg 'Picket l> 
(1029) (1930) 

Dlrnr (1932) 

00 J 

9 470 

9.540 

9 430 

9 450 (m) 

9.340 (m) 

on 

4. 880 

4.880 

4 . 950 

4 . 955 (vav) 

4 . 802 (vw) 

002 

4 730 

4.770 

4 715 

4.725 (vs) 

4. 005 (vh) 

nT 

4.270 

4 250 

4 . 350 

4.330 (h) 

4.242 (s) 

200 

4 100 

4 040 

4 170 

4 130 (w) 

3 980 (vw) 

2o7 

3 . 880 

3 830 

3 . 950 

3 900 (vs) 

3 790 (h) 

0 12 

3 040 

3 050 

3.000 

3 070 (m) 

3 005 (av) 

112 

3.410 

3 405 

3.450 

3.435 (vw) 

3.385 (vw) 

21(1 

2.326 

2.290 

3.390 

3 300 (vw) 

3 200 (vw) 

21 i 

3 . 206 

3 170 

3 270 

3 240 (vs) 

3.158(Ars) 

211 

3 070 

3 . 050 

3 120 

3 1 1 0 (av) 

3.012 (w) 

020 

2 . 846 

2 835 

2.910 

2 910 (vw) 

2 850 (a t w ) 

j n 

2.076 

2 080 

2.090 

2 085 (w) 

2 055 (av) 

203 

2 010 

2 000 

2 030 

2.027 (vv) 

2 575 (av) 

022 

2 440 

2.440 

2 480 

2 400 (m) 

2.430 (m) 

203 

2 406 

2 410 

2 . no 

2 425 (m) 

2 350 (m) 

004 

2 . 390 

2.385 

2 300 

2.365 (w) 

2.330 (vav) 

221 

2 240 

2.230 

2 280 

2 . 275 (vw) 

2.220 (a 7 w) 

114 

2.150 

2. 100 

2 100 

2 . 1 68 (a 7 w) 

2,130 (vw) 

023 

2.110 

2.110 

2 140 

2.140 (vw) 

2 100 (\'W) 

400 

2 050 

2 . 020 

2 . 085 

2 . 060 (w) 

1.990 (av) 

401 

J . 970 

1 960 

1 990 

1 . 984 (w) 

1 940 (w) 

410 

1 . 930 

1 900 

1 900 

1.948 (vw) 

1.880 (w) 

214 

1.880 

1 . 880 

1.870 

1 . 860 (vw) 

1 . 835 (vav) 

024 

J 820 

1.826 

1 . 830 

1 834 (w) 

J . 802 (vw) 

116 

J . 730 

1 . 740 

1 . 720 

1 730 (m) 

1 702 (m) 

403 

1 600 

1 . 650 

1 .070 

1 . 000 (m) 

1.010 (m) 
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These 1 , values of a, h and c are higher than those reported hy Hengstenberg 
and Mark (1929) and by Clark and Pickett (1930). The values of h and c agree 
with those reported by Dhar (1932) but the value of ft given by Dhar is much 
highei than that reported by previous workers. The value 94°41 ' for ft observed 
in the present investigation agrees closely with value given hy Groth (1919) and 
also by Tlengstenbcrg and Mark (1929). iSo, it appears that the value of the pro- 
duct a sin ft given by Dhar is almost correct hut the individual values of a and 
ft given by him are too high. 

It can be further seen from Table T that the spacings observed for the crystal 
at — 180°CJ are smaller than the corresponding spacings in the crystal at 32 n C. 
As no disappearance of any of the rings is observed with lowering of temperature 
of the cryst al it can be concluded that mere contraction of the unit cell takes place 
with the lowering of the temperature to -180°f\ Thus there is no change in 
the crystal structure when the crystal is cooled to — 1K0°C and the space jiroup 

is retained even at — 180°C. \ 

The dimensions of the unit cell of the crystal at - - 1S0°C have been calculated 
from the observed intense rings and these are found to he \ 

n = 7.98 A.U , b - 5.70 A U . c - 9 37 A.tT. and /?=- 95°21 , 1 

So, it seems that t he spatial configuration of the molecules in the unit cell of 
the crystal at room temperature changes a little when the crystal is cooled to 
-- 18()°C and the slightly different value ol ft may mdicale a rotation of molecules 
at low temperatures which may also be i osponsible for producing different amounts 
of contraction along the t-hiee directions. The filial I change in the value of ft 
indicates a small rotation of the molecules in the unit cell. The structure of the 
molecule m the unit cell seems to lemain unaltered with the lowering of tempera- 
ture to — 180°C So the changes m the ultraviolet absorption spcctnim observed 
by l)eh (1953) are not due to any change in the structure of the crystal. 

The coefficients of expansion oc ir aL b and a f along the three directions ol 
crystallographic axes a, b and r, in the range - 1 80" 0 to 32 “C, were calculated 
and the values were found to be a a --- 1 8.33X10" 5 , oi b — 9.93 X I0~ 5 and a r — 
5.54 X 10 ~ 5 . 

According to Dhar (1932) the molecule lies nearer to the he plane than to the 
ac plane. Also the Length of the molecule lies almost along the c-axis and the 
thickness would be almost at right angle to be plane, i.e. almost along n- axis. 
Since the contraction along the «,-axis is found to he largest at low temperatures, 
it seems that some forces of attraction between the neighbouring molecules act 
at right angles to the plane of the molecule at low temperatures to bring them 
closer together. These forces may lie due to formation of virtual bonds between 
the molecules which bring a out the splitting of the absorption hands observed at 
— 1S0°C. 
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THE EQUATIONS OF MOTION OF AN INCOMPRESSIBLE 
VISCOUS FLUID IN THE PARALLEL SYSTEM 
OF COORDINATES 

LAKSHMT SANYAL 

Attltkh M\tttemattcs Detahtment, ( Jalcutta (Tnivehstty 
( It ere i red for publication September 7, 10, r >fj) 

ABSTRACT For n rignroiiH dotiuH ion o{ tin* iHjvwdionH of three-dimensional boundary 
Jiiyoi on ii given sin fiur, the Stokos-Niivier equations of motion of an incompressible vis- 
cous fluid under no liody forces lni\e boon transformed in the parallel system of coordinates. 

I N T R () D IT 0 T 1 O N 


follow s 

Lot iS’„ lie a given analytic regular sui lure possessing a l eat h point non-zero 
principal radii ot curvature and let the lines of curvature oil A' 0 lie taken as the 
coordinate curves t constant and if— constant. Let £(.r, y, z) - constant 
be a system of surfaces parallel to /?„, £ being the perpendicular distance of the 
point (,r i/,z) from S n . The system of parallel surfaces and the dcv’clopahlcs of 
1 he eongruence of normals to these smfaces along the lines of curvature form a 
triply orthogonal system of surfaces £, if, £ are therefore the coordinates of a 
point m the painllel system ot coordinates. 

Let (j"„, he the cartesian coordinates of the foot of the perpendicular 
from the point (.r, //, z) on >Sf 0 . Then the first fund ament. a I quadratic form of the 
surface is 


In this paper, the Ntokes-Navior equations of motion (in non-dimensional 
hum) of an incompressible viscous fluid under no body forces have been trans- 
formed in the parallel system ot coordinates This has been done with a view 
to the deduct ion of the equations of three-dimensional boundary layer on a given 
surface m a rigorous manner. The system of parallel coordinates is defined as 


u here 


Odf 


.. (I) 

■■ ( 2 ) 


Let X, Y, r A lie the direction cosines of the normal to the surface /S' n at the 


point- (''Le ?/n< s o)- r riien 


2 X n. 2 X dr « r= o 

dr] 


... (If) 


ft 



Equations of Motion of an Incompressible Viscous Fluid , etc. 7 

Wince the tines of curvature on S arc the coordinate curves, the second lunda- 
inental quadratic form ot the surface is 


Ld^+Ndtf 


. . ( 4 ) 


where 


L ---X X - X — X X - J S 
d? ' dt 


(S) 


The principal radii of curvature coi responding to the curves i/ const, and 
£ - const, are respectively given by 


1 _ L 1 _N 

Ji L E 5 ill. 2 a 


( 0 ) 


If Itjii/, be the elements of Jenglh in Ihe directions £. //, 



i 

HI 

K 

1, 

... (7) 

Now 

,r - y - ;i/ (l | l Y, z - 3,,-f 

(H) 

r riien 

V - | 

. • (0) 

w here 

/)' -- X ^ ( ' v/ ^ \ 

df rtf ' l fif / 

... (JO) 


Differentiating the first equation of (If) with respect to £ and using the 
first equation of (o), we get B — L Differential mg 

-Y 2 + l^-i Z* ---- J 


with respect to £, we see that an; the direction niunbeis of a 

1 ‘ r7£ i7£ 

vector tangential to /S',,. Such a vector is therefme a honiogeneous linear iunction 
of the two tangential orthogonal vectors 



%u 

'M ami 

/ d.i: 0 

typ 

M 

l ^ 

’ 1 

r7£ / 

\ tf 

* dt l ' 

<1ri l 


(11) 


so (hat a / V a •! b d : r " ... (1^) 

<?£ <?£ 3// 

with similar expressions for . Multiplying these by , ~j“ 
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and adding and using the value of if, we get a = 


1 

Ei 


Multiplying the equations by respectively and adding and 

observing that the vectors (11) are right angles, we get 

bU = s ox Pa?* . 

d% Or/ 

Differentiating the second equation of (3) with respect to £ and observing 


, 0% 


d£(hj 


— 0, 


that tlic coordinate curves are lines of curvature and therefore 1.X 

we get b — 0. Tlieiefoie (* = X 
E 

iSiibstitiiting in the expression for //,, we get h x — \/e(^\ — ^ j 

Similai ly h 2 — y/(J ^ 1 — jjj j 

Further it is seen at once that h 3 = 1. 

K QUAT1UNS O F M O J’ ION 

Stokes-Navicr equations til motion of an incompressible viscous lluid under 
no body forces in dimensionless form can be vvutten as 


(13«) 

(m 


0 V 
Ot 


~ / .0 ] - K™ 1 ( V p + * V* ) - J rot SI 


(14) 


where E is the Kcynokls’ numbei of the flow, ft m rot V and l V . S2] denotes 
— > — ► 

tile vector product of V and ft. 

Introducing parallel system of coordinates defined in the preceding section 
and denoting by a, v, ir the components of velocity m the directions £ , //, £, and 
^ — * — * 

by i, j , 1c unit vectors m these directions, we have 


ft rot V — 


— > 

i 

j 

— > 

Jc 

hJt n 

hji x 

hK 

(1 

0 

d 


Or} 

ot 

h{ii 

h.iV 

h$w 


... (15) 
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Using the values of h x , h s , h ;i obtained before, wc get for the components of fi 


r, z idw ya \ dv _ R, 
V<i(R, l) \vy ^7 I y /u(R 


R i /dir \/E \ . Du 

W-"?)' ~ " / !>C 


- L '/* (•-£}- -4{v- (> * J,)>1 


Also the components of | V . 12 J | i grad T 2 are 


V. ( 'll - x/if,,, ) 
-n \ "5 //. / 


v^(*i -£) 


J!f a r du . du- 

Vf/(«, - 0 8,1 81 


x/EfUR, {)(*, f) L ' 7 '/ 


;{'-(■ -i,)]-', (-<»],.. c.) 


/a, v ». , ; j , _ a, + J. 

VV(IL-C) ' 0> 1 1 1 VE{R x ~0 °s ^ 

1- *'«■ U ®{v«(i - c )> — ■a,{v'*0-£)}l 

\/Ii(l(R 1 £){R..- f) L 1 ' ( 1 v l ' Bi'JJ’ 

«]« /aw , v/A’ \, ff 2 c / a«- , .vv „\ j w ^_ , 

^ E(R ~0 U + B, ( r V (l[Bi F a, 1 s, '} ' OC 

The equations of motion in parallel system of coordinates are therefore 


du Ryu /du y js \ k 2 v a« +w aM. 
V E(R L -t) R > ' V~a(Bi-£) 0v a * 


VMG(R 1 -C)(R. 1 -() ^ 0> r ' Ri ' ‘ ' Ri ‘ ' 


- — Ml — % - l ( mt o)t 

VE(R l ~i) d f B 
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do R 2 v Idv V'W R t u dv ^ (() dv 

m 1 \/(i(Ry -£) ' d 'l 1 


rjl 

\/EG{R x -Wh ‘ t) 


KM-yHAW-t)}] 


VOfo- 0 dl i 


I — * 

fl (’■<>* 12), 


(17b) 


du' 

di 


R x u 

VR(*y-Z) 


/ dw 

\ <n 


H 


y* 

«r 


« + 


K,» 

V«(/* s -£) 


flip 


i y w 



3C 


> — > 

where the components of rot & arc obtained from the components of £2 given 

in (l(i) by leplacing u, r,w by ih, £2,,, 12,, respectively. 

The equation of continuity of an incompressible Ifuirl 


-f. (/<a ^ 'OH- (/<« /'i »»)H- Yy ^ ^ 0 

d£ 

become in parallel coordinates. 
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ULTRAVIOLET ABSORPTION SPECTRA OF ISOMERIC 
PICOLINES IN THE LIQUID AND SOLID STATES* 

S. «. BANER.TEK 

Optics Dhpautmf.nt, lNm\N Association pou tul (Cultivation op Hctbnok, 
JaDAVPITH, CaU'HTTA-32. 

(Received for publication Annual 21. lOfl(i) 

ABSTRACT. The ultraviolet absorption .spectra ol a-, /j- and y -pwohna havo 
been investigated in the liquid slate and m the solid slate at — 1 S(»°C Tlic results have been 
compared with those observed foi the substances in the vapour state by previous workers 
All the three compounds exhibit, two systems of bands in the vapour state, Iho first sys- 
tem being attributed to n— » n* transition (Transition I) and the othei system to n— >tt* transi- 
tion (Transition t T) It. is observed, howovei, that, in the liquid and solid states those subs- 
tances yield only one system of bands corresponding to Transition I] The j'n-bawl in each 
f a, sc is found to undergo Inigo shift, towards longoi wavelengths with liquefaction of the vapour. 
With solidifienl ion and lowering of temperature to — 180‘T! the hands get a little sharper 
and the r 0 -bands are further displaeed slightly towards longer wavelengths. The results have 
been interpreted on the assumption that in the condensed phases the molecules of picolincs 
foim associated groups probably through the nitrogen non-bonding elect ron and a hydrogen 
atom of neighbouring molecules 


I N T It () 1) V C T 1 0 N 

Tt was suggested by Kasha (1050) that in the spectra ot N-hetetocyclie 
i ompoiinds like pyridine ihere may he two systems of bands, the cxcita- 
lion of a nitrogen non-honding electron into the 7r-orbital of the ring being 
responsible for the oeeurrence of System 1 ('/i— >n* transition) and the other 
system resulting from the excitation of the w-ring electron (n-A7T* transition). 
The investigation of the ultraviolet absorption speetium of pyridine vapour by 
Sponor and Stiicklen (1946) and a further rc-exammation of it by Hush and Sponer 
(1952) showed that the substance gives two systems of hands with the v () bands 
a( 34769 cm -1 and 38350 cm" 1 , which correspond to the n—>n* and transi- 

tions respectively. Rush and Sponor (1952) also studied the absorption spectra 
of the three isomeric picolincs (methyl pyridines) in the vapour state and observed 
the two transitions for these substances. One of these near 35500 c.m _1 was in- 
terpreted as an allowed A^-fi., transition due to the excitation of an up 2 non- 
honding electron of the nitrogen atom into the first 7r-orbital of the ring and 
the other stronger system at. 38500 ein -1 as an allowed transition resulting 

from the excitation of 7 r-ring electron. 

•Communicated by Prof S. C. fiirkar 
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In an investigation of the ultraviolet, absorption spectra of pyiidine in the 
liquid state and in the solid state at - ]80°C reported in an earlier paper 
(Banerjee, 1050b) it was observed that one of the two systems of bands observed 
in the ease of the vapour disappears when the vapour is liquefied This fact 
was explained on the assumption that in the liquid and solid states the pyridine 
molecules lorm associated groups through the intiogen non -bonding electron and 
a hydrogen atom of neighbouring molecules. The present work was undertaken 
to study the ultraviolet absorption spectra of a-, /?-, and y-pico)inc in the liquid 
and Holid states in order to investigate the changes w hich may take place m the 
spectra of these substituted pyridine compounds with the changes of state. It 
was also intended to find out whether the changes in the absorption spectra of 
the picolmes which might take place with lowering ot temperature give us any 
clue to the pioper analysis of the bands 


IS XVEHTMKN T A L 

(Uienneally pine samples of the yneoliues were distilled undei reduced pressure 
before use Very thin films of the liquids of thickness ot the ordei ol a few mi- 
crons were found to produce absorption bands instead of continuous absorption 
shewn by slightly thicker films. Thiekei films ot the liquids were also used in 
order to find out wdiether a second system ol bauds was exhibited. Aluminium 
foils of different thicknesses were used as distance pieces in the absorption cell 
in order to get films ol different thicknesses (Spectrograms were taken on Ilford 
HT 3 films with a Hilger E I spectrograph lion arc spectrum was taken on each 
spectrogram as comparison Miorophotometi ic records of the bands ware 'taken 
w ith a Kipp and Zonen type self recording mu mphotoineter. The frequencies 
of the absorption bands were determined with the help ol miorophotometi ic 
records of iron arc spectrum m the same way as described in an earlier paper 
(Banerjee, I95(ia) 


It E 8 U b T H A Nl) I) 1 S O U K SION 

The micTophotometrir records of the absorption spectra of Ihe picolmes 
have been reproduced m figures 1 , 2 and 3 The frequencies m cm 1 of the bands 
and then probable assignments are given m Tables, 1, FT and JJJ. 

As the complete analysis of the absorption spectra of the compounds in the 
vapour state had already been reported by Rush and Sponer (1952), the spectra 
of these in the vapour state w ere not studied m the present investigation. The 
bands due to the vapours were found to consist of two systems corresponding to 
ri—>n* and n-+7T* transitions and were designated by the authors as Transition I 
and Transition IT respectively- The assignments of the bands given by Rush 
and (Sponer haye been included in the Tables T, TI and JTI for comparison. 
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TABLK T 

Absorption bands of a-picoline 


Vapoui 

Rush and Nponer (1952) 


cm -I ft. 
Intensity 


Assignment 

37450 \\v 



37530 w 



37620 m 

V 0 

(0-0) 

38250*11) 



3 84 30 Vs 

Vo 

+ 810 

3H5SO vs 

r.i 

1-900 

39200 s 

v 0 

I 2 810 

39500 s 

v o 

H 1 * 960 

40l00?mw 

V„ 

\ 1 v 8 1 0 -f- 960 


Liquid at 32 "(’ 
Present author 

mv 1 <Sr Assignment 
Intcnsit v 

3707 t m v 0 

37997 s v„ -| 923 

389 U r v n \ 2y 923 


Solid at - 180°C 
Pmsent author 


cm 1 & Assignment 
! Intensity 

3(5971 m v u 

37767 h v 0 f 796 

37939 h v 0 | 968 

38725 m v 0 -| 796 

h 968 



36700 37700 38700 cm-' 

Pig. 1. Mirrophotomntrie records ol the ultraviolet absorption spectra of a picoline 
(n) Liquid at 32 D C (b) Solid nt — 180 l (' 


oc-Picoline ■ 

The ultraviolet absorption spectrum of a-pieolino in the vapour state shows 
two systems of bands (Rush and Sponer, 19.12) corresponding to Transition I 
(n— >nr*) and Transition TT {n~ >n*). The first system on the longer wavelength 
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side (corresponding to Transition I) consists of weak and narrow bands with the 
v„-band at 34753 cm 1 and the second system on the shorter- wavelength side 
(Transition IT) consists of stronger hands with the v, r band at 37620 cm j . In 
the case of the liquid state only one system of broad bands probably correspond- 
ing to t he 7r— > tt* hausilion has been observed in the present investigation while 
the bands due to the other transition could, not be detected. The r' 0 -band in the 
case of the liquid is found to be at 3707-4 cm -1 . So it is displaced by 546 cm -1 
towards longei wavelengths from its position m the spectrum due to the vapour 
state This suggest s that in the liquid state the excited electronic state of the 
a-pieoline molecule is lowered considerably bv the mtermolecular field and this 
happens probably due to formation of associated groups The absence of the 
bands of Transition J niav also be attributed to formation of associated groups 
of molecules in the pure liquid through the nitrogen non-bondmg electron and 
the hydrogen atom of neighbouring molecules This result eonliims the view': 
mentioned in the ease of pyridine in an earlier paper (Banerjee, 1956b) that 
the first system of hands exhibited by pyridine and substituted pyridmes in the' 
vapour state is due to ti—tn* transition and that it disappears in the liquid state 
owing to formation of associated groups. 

The spectrum due to t he liquid contains two other broad bands besides the 1 ',,- 
band which can be assigned to progj essions of the frequency 923 cm -1 . Tn the 
ease of the vapour state reported by Ilusli and Spoiler (1952) the spectrum con- 
tains severnl transitions which can be represented in terms of frequencies 960 
cm -1 and Hit) cm -1 (Table 1) "Probably, the band corresponding to the assign- 
ment r 0 | 923 observed in the ease of the liquid is formed by the broadening 
fit the bands r„ |-810 and v l( -j-960 given by the vapour state As these bands 
become much broader with liquefaction of the vapour they are not resolved from 
each other and they overlap each other to pioduee a maximum lying between 
the two bands corresponding to the excited state frequencies 810 cm 1 and 960 cm 1 
respectively. Snell broadening of the bands in the spectrum due to the liquid 
is due probably to fluctuation ot the interm o lee ular field caused by some sort of 
movements of the molecules In the solid state such movements cease altogether 
When the liquid is solidified and cooled to — I80°0 the v f) -band is found to bo at 
36971 cm 1 and the bands become sharper. They can be assigned as r 0 -)-796 ! 
v, r f-968 and v,+ 796+968. Thus the bands corresponding to excited state fre- 
quencies 810 and 960 cm J observed in the ease of the vapour are again resolved 
in the case of Ihe solid state with the, frequencies changed slightly. 

ft- Picaline ■ 

As reported by Rush and Nponer (1952) the absorption spectrum of /f-pioo- 
Ime vapour consists of two systems of bands corresponding to Transition T (n-tn*) 
and Transition TT with the v, r bands at 34684 cm -1 and 37380 cm -1 
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TABLE II 

Absorption bands of //-piouhnc 


Vttpoui Liquid nt. 32°C 1 Solid at - J80T 

Kush and Spoiler (19*2) Present nqthui IM-psent author 

v in v 10 ! 9 hi 

,;m-i &, Assignment em* & Assignment | cm" 1 & Assignment 

Intensity Intensity j Intensity 


30475 

w 


30930 m 

v u 

30802 m 

Vo 


30585 

vw 

Tmnsition 1 ‘ 

37087 m 

Vo 1-157 

37519 in 

Vo 

i 057 

36045 

vw 

Transition 1 ' 

37582 b 

r,i | 052 

37845 s 

Vo 

-|- 98-1 

30745 

mw 

Transition 1 \ 

37910 s 

v„ -1-980 

38509 s 

Vo 

4 984 

30800 

mw 

Transition 1 1 








Vo -3X190 

38508 w 

v„ | 980 | 

| (152 




361)3.1 nw v v —445 v 
w v 0 - 2^ 190 
37100 w 

37190 ms v„ -J90 
37380 b v 0 (0 — 0) 

37540 ms v u +100 

v„ 1-000—445 
37770 in v () | 390 
37980 ms v 0 4 000 
38090 m\v i'u +710 
38180 b v 0 -I 890 

v 0 +1020-190 
38320 vs v 0 | 940 
38400 vs v 0 +1020 
38540 m v u +100 ]-1020 
v 0 +100-1 940 
38700 mw v 0 [-390 |-940 
r () +390 + 1020 
38970 m v 0 +000 + 940 
v 0 +600+1020 
39190 ms vo +800 + 1020 

v 0 4-2x1020-190 
39310 h v 0 4 2 X 940 V 
v 0 +940+1020 
39540 in v 0 +160 + 2x1020 
39760 m v 0 +390-1-2x940 
v 0 4-390+2x1020 
39960 m v 6 4-6004-2x940 
v 0 +6004 2X1020 
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respectively. in tlio liquid and solid slates this substance also gives only one 
system of bands corresponding to Transition 1 f. In the spectrum due to the liquid 
stale live broad bands are observed (tigin e 2) The first band is broad and seems to 
consist of two maxima separated by 157 cm -1 . If the first maximum on the longer 
wavelength side at 3G930 cm 1 be taken as the v ( ,-band it is found that the v n -baud 
is displaced bv 450 cm 1 from its position in the spectrum due to the vapour. 
Thus in this ease also the molecules seem to become strongly associated with 
liquefaction of tin* vapour as in the ease of a-picolinc. Assuming the band at 3G930 
cm 1 to be the Vy-lmnd for liquid state, the other bands can he assigned as v 0 -| 157, 
v 0 f(ir>2, v 0 -f 080 and r 0 | 9S()-f-G52 When the liquid is solidified and cooled to 
—• lKtrO the v 0 band shifts to 3GSG2 cm' 1 and it becomes sharp Also, the 
band which was assigned as v u -| 157 cm -1 m the ease of the liquid disappears. 
The other hands m the case of the solid can he expressed ill terms of vibration 
frequencies G57 cm 1 , 984 cm " 1 and their combinations 



30700 37700 F,8700 cni“i 

Idg 2. Miirophutomotrir lorords ol the ultraviolet nhsurplinn spec Ira of /j pieolino. 

(a) Liquid at 32“C (l)) Solid at — 180'C 

The disappearance of the band mentioned above at low temperature is 
significant. While analysing the hands due to the vapour state Kush and Spoiler 
(1952) observed progressions of vibrational frequencies 160, 390, GOO, 800, 940 
and 1020 onr 1 . Of these the frequency J60 cur 1 was assigned as a combination 
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frequency (600-445) cm- 1 (Tabic II). This implied a transition from, an excited 
vibrational state of frequency 445 cm- 1 m the ground state to another excited 
vibrational state of frequency 600 cm -1 . According to such an interpretation 
of the band it would be expected that at low temperatures this band would dis- 
appear, because the number of molecules in the excited vibrational state corres- 
ponding to vibrational frequency 445 cm -1 would be negligible. Since it is observed 
in the present investigation that the band disappears at — 180°C it is evident that 
this band is produced by a transition in which an excited vibrational state is in- 
volved. These results thus confirm this assignment made by Hush and Sponer 
(1952). 


y-Picoline : 

In the classification of the absorption spectrum of y-picoline vapour given 
by Rush and Sponer (1952) the v 0 band of Transition I was assumed to be at 
35165 


TABLE III 

Absorption bands of y-picoline 



Vapour 

Liquid at, 32°0 1 

Solid at — 180°C 

Hush and Sponor (1952) 

Present author j 

Present author 

Wave No 


j Wave No. 

Wave No. 

(cm-*) & 

\bSignmmt 

; (cm M & Alignment 

j (cm* 1 ) & Assignment 

intensity 

Intensity 

i Intensity 


v„ 37969 ms v 0 


38220 mw 



38033 ms 

38320 m 

v u 

(0-0)? 

38800 h 

38570 m 



39660 s 

38920 ms 

Vo 

4 600 


39240 s 

Vo 

+ 920 


39600 s 

Vo 

+ 1180 



Vo 

+ 2X600 


39800 ms 

Vo 

+ 600+920 


40120 ms 

Vo 

+ 2x920 


40410 m 

Vo 

4- 920-1- ]) 80 



v 0 -1-9204-2x600 

41140 ?m 

41360 ?mw v 0 +2X920+1180 ? 


v 0 1-767 38558 ms v 0 +686 

Vo +2x767 38921 s Vq +052 

39613 msb v 0 +952+686 

39876 msb v 0 +2x962 


cm' 1 and this system of bands is not observed in the spectrum due to the subs- 
tance in the liquid and solid states as in the case of the a -or /i-compounds. The 
bands of Transition II in the case of the vapour are diffuse and the probable 
3 
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position of the v 0 -band is taken at 38320 cm -1 (Hush and Sponer, 1952). The 
spectrum due to the substance in the liquid state consists of three broad bands, 
the v 0 -band being at 38033 cm -1 and the other bands representing progressions 
of frequency 767 cm -1 Thus with liquefaction of vapour the v 0 -band shifts 
towards longer wavelengths by 287 cm -1 When the liquid is frozen five ab- 
sorption bands arc observed and the v„-band is found to be at 37969 cm -1 . So 
only a small displacement of about 64 cm -1 towards longer wavelengths takes 
place in the position of the v 0 -band with solidification. The bands due to the 
solid state represent transitions v 0 -|-586, r 0 H-952, v 0 -f-952q-586 and v 0 +2x952. 
The bands are rather broad even at — 180 °C and those corresponding to frequen- 
cies v n +586 and v 0 +952-)“5H6 are just resolved from the adjacent bands. 



37700 38700 30700 cm~i 

-Kig.3. Microphotometd'ic records of the ultraviolet, absorption spectra of y picolmo. 

(a) liquid at 32°C (b) Solid at — 180°C 

The band i/ 0 -)-767 cm -1 observed in the case of the liquid probably does not 
represent an excited state vibration frequency but it is probably produced by the 
overlapping" ofthe hands v 0 +600 and v 0 |-920 observed in the spectrum of the 
vapour each of which becomes broader and merges into the other when the 
vapour is liquefied This result is similar to that observed in the case of 
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a-picolino and indicates that in the liquid state the motion of the molecules causes 
a fluctuation of intermolecular field which is responsible for the broadening of 
the bands. When the liquid is solidified and cooled to ~1K0°C the bands become 
a little sharper owing to cessation of some motions of the molecules and the bands 
involving excited state frequencies 600 and 920 cm- J due to the vapour arc 
found to be just resolved from each other 

From the above discussions it can be seen that the molecules of each of the 
three isomeric picolines are probably linked with each other through the nitro- 
gen noil -bonding electron and a hydrogen atom of neighboming molecule in the 
state of aggregation. In all the three cases it is found that, in the liquid state 
the bands become broad due to fluctuation of intermolecular field and when the 
liquids are solidified and cooled to - 180°C the bands become sharper. But 
the sharpening of the hands is not as pronounced as is usually observed in the 
case of halogen substituted benzene compounds 
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FADING AND RANDOM MOTION OF IONOSPHERIC 
IRREGULARITIES. 

8. N. MITRA and K. B. L. SR1VASTAYA 

All India Radio, New Delhi 
(deceived for publication June 15, 1950) 

ABSTRACT : Tho paper describes the results of the statistical analysis of fading 
cm' vos obtained at Delhi on transmission from the medium wave transmitter at. Lucknow 
operating oil 1020 Ko/s The different types of fading commonly experienced and their pos- 
sible causes are discussed. Tho irregular types of fading, which formed the material for analy- 
sis, are shown to be caused by nithor a random motion of tho ionospheric irregularities or by 
superposition of a steady signal upon the randomly varying one. ft has been shown that, the ij 
probability distnbution of tho former is given by a Rayleigh curve and that of the latter \ 
by a normal law ot error The relative proportion ol tho random and tho steady components 
in tho case of a Gaussian distribution ol amplitude has been calculated. The ‘Urao- analysis' 
of the fading curves reveals tho r.m a. velocity in the line -of -sight of the random motion of the 
lonsphene irregularities and is found to lie betweon 4 and 25 m/sec. Booker, Katcliffo and 
Shinn had studied tho problem ot fading from a diffraction procosH of nil irregular screen re- 
presenting the ionosphere Their analysis lias been used in the present paper t.o deduce tho 
r.m,s. velocity of the ionospheric irregularities based on au(o -correlation function and the 
power spectrum of the received wave. It. is found that the values of the r.m.s velocity de- 
duced from the two methods aro ui substantial agreement. The effect of steady drift, location 
and the dimension of irregularities in tho ionospheio causing the inegular hiding have also 
boon discussed. , 


] . INTIiODUC T /ON 

It is well known that tho fading ol a dovv Rooming wave from the ionosphere 
is often caused by motion of ionospheric irregularities, from which the incident 
wave is diffr actively scattered. The downcoming wave may ho considered as 
tho resultant of a large number of scattered wavelets having different phases. 
As the scattering centres change their position the resultant wave will fade. This 
motion may be imparted cither by a steady drift in the ionosphere or random 
motion of ionospheric irregularities Statistical analysis of such fading curves 
has already been reported by Mitra (1949a) and McNicol (1949). Ratclilfe (1948) 
has shown how, from a consideration of the scattered power, the root mean 
squared value of the random velocity of the irregularities can be evaluated. The 
steady drift- can be determined by employing the familiar spaced receiver 
technique (Mitra, 1949b). 

When a fading curve of a received signal is taken on continuous wave trans- 
missions, there are causes other than drift to produce fading. For example, the 
interference between multiple -hop transmissions will produce amplitude flup- 

20 
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tuation of the received signal. But the predominant cause of fading even on such 
transmissions is the drift, of ionospheric irregularities. There are, however, some 
peculiar types of fading known as ‘Surge’ and ‘Flutter’ commonly experienced 
in South India whose origin is not yet clearly understood. 

Excepting surge ami flutter, the short period fading has been known to pos- 
sess similar characteristics hoth on short and medium waves, While Home 
amount of work in the nature of statistical analysis lias been carried out on lading 
on short wave transmissions taken on pulses and continuous wave, the fad- 
ing on medium waves has not received serious attention The present paper 
will deal mostly with medium wave fading. It will be shown in the paper that 
similar types of statistical analysis can be applied to fading curves taken on 
medium wave transmissions to evaluate the random motion oi the ionospheric 
irregularities 11 will also be shown m the paper that in some cases the ana- 
lysis i cweals that a steady signal was superimposed upon a randomly varying 
one. The ratio between the steady and the random component has been evaluated 
from the analysis 

We shall first concentrate upon the disti ibution of the resultant amplitude 
trom its temporal vauation The shape of the distribution curve will indicate 
whether the fading has been caused by random motion of the ionospheric 
irregularities <>i by the addition of a steady signal upon a randomly varying one. 
We shall next evaluate the ratio between the steady and the random signals 
A ‘time analysis’ of the fading curve avjII enable us to evaluate the r.m.s. value 
of the random velocity. In many aspects, the problem is similar to the ana- 
lysis of random electncal noise as developed by Bice (1944, 1945) and later 
extended by Fiirth and MacDonald (1947). 

Bookei, BatclilFe and Shinn (1950) have studied the problem from its optical 
analogy. The irregularities m the ionosphere have been considered m terms 
of an irregular diffracting screen illuminated by a source of radiation and the 
diffraction pattern studied in terms of its ‘auto -correlation’ function and angu- 
lar , spectrum. We shall use some of their results and show that the deductions 
made from both the above methods arc very nearly the same. 

The possibility of the fading being caused by a steady ionospheric drift 
blowing the irregularities unchanged in form cannot, be excluded. Investi- 
gation of such drift from fading curves indicates that where the steady drift 
is the predominant factor, the fading is usually quasi-perodic m nature (Mitra, 
1949b) and the rate of fading slow, The rapid types of fading are usually 
caused by random motion of the ionospheric irregularities. In this paper, we 
shall make no assumption regarding the nature of the ionospheric irregulari- 
ties and their origin, 
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2 E X V E H 1 M E N T A L NIOC E DUR « 


Some hiding records on medium wju e tiansunssions from Lucknow (Lat. 
-d u 5o' N Long HO'Ti.VK) cm J020Jvc/s Mere taken at the Research Department, 
All .India Radio, .New Delhi (Lat. 2H°3f>' N, Long.77°5' E) during the months 
of Mai eh and April, I!)hf». An RCA field strength meter with a built-in D.C. 
ampli/iei was used The output from the second detector of the receiver in 
the field slicngth meter was passed on to the D C\ amplifier which actuated a 
pen-and-mk lecoiclev The receiver was found to he fairly linear in the range 
through ulueli ihe fading eurves Mere recorded. KLv per im cuts Mere conducted 
m Ihe night t mm -1*30 to 2400 1ST (fij hours ahead of G.M.T.), A typical 
baling curve is slumu in figure I. These curves have been analysed statistically 



Fig- 1- Typical fading curve 

(hurknow 1020 Ke/s Recorded at, Delhi on 7 JA5 ft( g 2 40 RKS [ S T ) 

"zT 1 “r* ’ h - »• 


■ JV1 r n L T u D E 


■<a IN A Jj Y o J fcj 


luuplitndc mm ‘7 111 * rai ' d0111 m,l,mer - flle resultant 

™ m ()f , ai , c ; y ,nay be ^ «* « <>- * 
from a centre) each havnm random 1 t ^ ™ rrefi J ,0,,tlui f? t° a wave scattered 

similar to one of ‘random vvullr and Lord R ] m ihcrefori h becomes 

matical expression f„, th„ , Jrobabilit of om^enfeof th ° mathe - 

y oof mi cnee of the resultant vector. Let 
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R be the resultant amplitude in the received signal at any instant. Then the 
probability P(R)dR of finding an amplitude R within the range of amplitudes 
R and B-\ dB is given by 



P 

P(R)dR ^ dR 

... (1) 


¥ 

where 

[ P(R)dR = 1 

... (2) 

and 

1 1' = \ m df 

... (3) 




If(J') being the density in the power spectrum. 

\}r is also related to the mean value B and the mean squared value R 1 by 
the following equations 


H = | P{R)RdR - ( ^ j‘ /3 


.. W 


li 1 = J P{R)RHR = ■><;, 


.. (5) 


Similarly, B nr i.e. that value of if for winch P[R) is maximum is given by 

B ilt - fH* 

It is sometimes convenient to evaluate }j/ in the following way 


(6) 




R 2 

2 t/f 


( 7 ) 


The plot of Jog 


P(R) 

R 


against if 2 is, therefore, a straight line, the slope of which 


1 



and the intercept log 


1 

t ' 


4. ADDITION OF A STEADY SIGNAL 

When a steady signal in the form of a wave specularly reflected from the 
ionosphere or in the form of a ground wave is superimposed upon the randomly 
varying signals, the distribution of the envelope due to such addition is as follows 
(Rice, 1045) : 



,, Ji. Mirn and H. B. L. Srivastam 

. 1hp slKU Jv glial and Q i* the resultant amph- 
, Suppose it - Vt ^ S T1 J (h u probability density P(0) - g*™» 

tmle ol I lie em elope at am 


n I Q 2 1^1 / I <JB 

l- p *l*[ ' I M ? 

V 


1— - Tl ” 

mean squared \ aim* ol Q is ^ lvea b 3 

II ^ 

(») 

- /?- |-2i// -■ R l I 

,,, „ * - — w— ' *•* *• 

i ri ll( .. w ,c for various values of 

sr ■ w .,., * ,* *.„*>. «. * 

< J / Q' 1 ) ... (HI) 

W) =- ‘‘M>( - a,,, j 

wl „,h gives a lUyleigli distvibuHo,, (I). Wben 1, is Urge romp, .red to unity. 

we may rcplure /„ ) by its asymptotie expression and (K) been, lies 


PW )=(’ I 




— /Q \lMexpj («-?)*! - (1,) 

V^'A U*/ L # j 

Thus, P(«) follows a normal distribution. MeNieol (19411) 1ms shown that the 
expression (II) inav be rewritten in the form 

I - - U2) 


within an accuracy ni about. 1%. Q m ^iven by 

q,„= Lf(//-p I )] 1 ' 2 - ( 13 > 

In actual analysis, however, those farting curves whose amplitude distribution 
is normal m shape can be represented bv equation (12). Then a plot of log P{Q) 
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against (Q~ Q m ) 2 gives a straight Ime whose slope is given by . Knowing 

\jf and Q m one can evaluate b which represents the relative proportion between 
the steady and the random signals in the received wave. 


In recent years some workers have indicated (C.CLR. 1953) that the ampli- 
tude analysis of their lading curves represents a. distribution which is of normal 
logarithmic in character. The distribution is 


P(R) -vVn<r - ,U) 

huj K 

II may, however, be pointed out that (14) is very similai to (12) and such a distri- 
bution is probably due to the addition of a steady signal upon a randomly vary- 
ing one. 

3. A N A L Y S 1 S 0 F 41 XPBR1 M K N T A L It BHULTS 

The amplitude analysis of the records was carried out in the following way. 
Equidistant lines at a very small interval of time (1 second) were drawn across 
the records and the amplitude read oif at each interval Curves were then plotted 
showing the probabilit y of occurrence of an amplitude against the range of ampli- 
tude lu some cases, Rayleigh distribution was evident and in others, Gaussian. 
In both cases was detei mined by the methods mentioned above and the values 
of b weie also calculated. 


60 


POO* 


0 12 3 4 5 6 

R 

Fig. 2 («). Amplitude analysis (Rayleigh) (Fading Curve No. 7) 

Two typical oases are shown in figures 2 ami 3. Figure 2(a) shows the 
Rayleigh distribution and figure 2(h) the corresponding plot of log 
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against It' 1 . Kigui'c 3(a) allows a typical normal distribution w hich is due to the 
addition of a steady signal upon a random one. Figure 3(b) shows the corres- 
ponding plot ol Jo \iP(Q) against {Q—Q^. 
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Tlu* result*} of analysis of the fading curves taken at Delhi on the medium 
wave transmissions from Lucknow on 1020 Kc/s arc shown in Table T. 


TABLE I 


No, 

Station 

Frequency 

Tunc 1ST 

Du to 

Nature of 
distribu- 
tion 

* 

b 

1 . 

Lucknow 

1020 Kc/s 

2235 

5 4.55 

Kayleiph 

3 28 

71 




2250 

G 4.55 


3.11 

.92 




2250 

7 4.55 

’■ 

3.33 

1.34 

4. 



2305 

7 .4.55 


2.08 

1 25 




2250 

8 4 55 


3 5 

1.67 




2255 

8.4.55 

” 

2.97 

.6 




2245 

10.4 55 


2 21 

.6 




23 H) 

10 4 55 


1.1!) 

- 




2315 

10.4 55 


2 39 

1 0 

10. 



2245 

5.4.55 

Normal 

1.2 

2 3 

11 . 



2255 

5.4.55 

" 

1.26 

2.5 

la. 



2300 

5.4 55 

” 

1.57 

2.4 

13. 



2240 

6.4.55 

” 

.29 

2.1 

H. 



2255 

6.4. 55 


1 .08 

2.2 

15, 



2300 

6.4.55 

» 

95 

2.64 
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]( W il] be noted fumi Hie above la1»lo. that whenever b exceeds 2, the dis- 
tribution ot t lie resultant amplitude becomes a normal curve. But for b less than 
2 the distrilml ion is given by a Burleigh one In other words, when the strength 
nf the steady signal m the fading curve is more than twice that of the nindoni 
innipoiienl, a iionnal distribution of Ihe resulting envelope is obtained. McNieol 
lias also obtained this transition from Bayleigh to normal curve for b > 2. Thus, 
Ihe theory predicted by R ice (1945) is found to agree with the experimental 
results 

<>, CO M H I N A T ION n V S E V E Ti A L \A T A V V S 

In the pi evious sections we have ( ousidered the eases where either only the 
inndoii) signal or a eomhmation ol a stendy signal with a random component 
is present in the received wave Tt is of interest to enquire what happens when 
.several skv-wave components are present in the downeoming wave. Tt is quile 
likely that on (\ W. transmissions under suitable conditions (specially during 
night when absorption is low) multiple-hop components are simultaneously 
leecived. A st early signal in the form of a ground wave (when the distance bet- 
ween the transmit lei and the leceiver is small) oi a specularly reflected compo- 
nent may also be piesent 

We shall first consider the superposition ol a number of random components 
de Boer ( 1 93 1 ) has worked out individual cases when the number n varies from 
1,2,3... We assume that the amplitudes of the different components arc all 
equal, the variation is only m the phase. This assumption is well justified in 
the case ol an isotropic ionosphere where the scattering centres are evenly dis- 
tributed in all directions The diffeient sky waves will undergo the same seat- 
tenng piocess and the amplitude ol the diffeient components may be regarded 
as equal 

A convenient measure loi describing the situation is bv means of 4 pci cent age 
of scat lei mg' This is given by 


Pot rentage of scattering 


H 2 


100 


.1.- H (.or has ealculatedlr on, thenreHrnl grounds, the V *| UCH of the percentage 

7 lUI, ' n " K f,>r ' an ""“ 11 < ■ 1 • 3.. ) He finds that the percentage 

s,., ittenug a^mrhcH asy,n,,tnt„,dly a value ot 21% for « ' 4. This value 

m 7 f ™" 11 JUvlp, « h '!■«", I, „1, on It ,S, llierefuie, found that even for 

Inllv min I* 1 ' ^ ri ' l,,in •>'- Ihe resulting distribution essen- 

ine fins I ' mS *i .T ''f' ' ,ne ,M 11,0 a “ al -' s,s - ,lle percentage scatter- 

The I',!,,"'" "T "■ ta<1 ' " ,c 9 flulinK mentioned in Table I. 

,( Aillll(iS are shown in Table II. 
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TABLE II 


Fading 
nil vo 

Pornoniago 

Hrftttormg 

1. 

22.7 

-> 

2.-) 4 

3, 

JO.O 

4 . 

11.5 

5. 

15 7 

0 . 

24 :i 

7 

23.7 

K. 

27 5 

0 . 

30 5 


We shall now discuss the case when both On* amplitude and the phase in the 
individual components are varying. Pearson (1900) haw worked out the exact 
mathematical expression for n~ 1,2,3.... For pi action! purposes, however, 
the following expression for the probability distribution of the resultant ampli- 
tude ) is a good approximation. 

nr)-.-. exp ( ^ ) ..(15) 

Mf- \ Ht“ I 

which is again a Rayleigh distribution. The percentage of scattering is nearly 
the same as we get for phase vainitions above, namely 21,5% 

In the case of several random components being present' together with a 
steady signal the distiilmtion of the envelope' will be either a Rayleigh ora normal 
one depending upon the relative proportion of the steady signal. 

We. therefore find that the amplitude distribution of a rapid type of fading 
pattern taken either on medium wave or on short wave tiansmissions, when given 
hy a Rayleigh curve, is predominantly due to the addition of a large number of 
random veetois arising from diffractive scattering from ionospheric irregularities. 
When the distribution is given by a normal law of error, a comparable amount 
of steady signal in the form of either a ground wave or a specularly reflected 
component is superimposed upon the randomly varying signal, it is possible 
to evaluate the relative proportion of the steady signal and the random compo- 
nent from the parameters of the normal distribution emve. When several sky- 
wave signals, each varying independently in phase and amplitude, are present 
the distribution of the envelope is still a Rayleigh one* 
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7 T I M E ANA L Y S I S 

fl hits been mentioned in the introduction that when fading ia due to random 
motion ol* icinosfjJjorjr irregularities it is possible to evaluate the r.m.s. value 
ni the random \eIocify. The analysis is similar to the ease of random noise 
arising from a resistor kept at cerium temperature. 

In tins seetion we shall dismiss the problem in some detail. 

Let un assume that the ionospheric irregularities are moving with a random 
velocity r m tin* hue of sight and r n is its r in s value The scattering centres 
can be assumed to be in random motion much like the gas molecules in thermal 
ugilalion and the distribution of v (in one dimension) mnv be expressed by the 
follow inti normal law 


ivlirre 


/»- 1 . C\l>( '’■) 

\/2wi’ 0 ' 

on 

[ P(r)dr - ] 


(16) 


- (17) 


1 lie wiive-lrmpicncv scattered Irom each iiiegiilaiitv will undeigo a Doppler 
shift due to its motion and the shifted frequency / will lie given by , 


'-/.(h =0 


(18) 


W'heie / 0 - incident wave frequency 
Omn bm mg (lb) and (18), we have. 


Writing 
(HI) becomes 


ox p| - 

1 H / o - V -1 

... (19) 

—I'd 


A 

... (20) 

J _ (/ ./«) 2 1 

- (21) 

L 2a* J 


I 1 ::; 1 :,.::"!' 1 ; 1 ; 1 ' ® ll,ifCl1 ( rec l ut!11 ™« we also disHihutcl in terms of a normal 
nt 11,01 « l(h the standard deviation <r 

1,1 1,, " t ™ 1 " iws ,,om ,v ^^ 1 1 ^, 1 .^*, a,. 

" 11 ,SI " 0t ' thc s, ' aft,,ril ‘S are themselves displaced in 
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a random manner. Powers clue to each contribution acid up and the power spec*, 
truni W{f) may be expressed by 

b 7 (/) *- -dr expf— 1 ■■■ (22) 

\/'2n a L 2cr- J 

where V' = J W{j)df total energy m the power spectrum, 

o 

The fading of the resultant wave at the ground is, therefore, seen to be due 
to the u,ddition of a large number of scattered signals uhose frequencies aie clis- 
tnbuted in accordance with (19) and powers in accordance with (22) The situa- 
tion is similar to the case when random noise is passed through a filtoi whose 
hand-pass characteristic is given by a normal expression of the type represented 
by (22). 

Furth and MacDonald (15)47) have shown, from an extension of Dice's theory, 
that when random noise having a llayJeigh amplitude distribution is passed 
through a hand pass filter whose power-pass eharaeteiistie is given by (22), Ihcn 
the probability distribution of v T . the successive difference between two ampli- 
tudes within a small interval ot time, is also given by the following normal law 

I J (r T )dr T — c^r/.r ... (22) 

V * 

where, x .=_ ... (24) 

27t<tt \J2\Ji 

From (22) and (24) 



u 


— \/2jt^ . 2cr 

— 4i?cr from (4) 

= from (20) ... (25) 

A 

where A is the wavelength of the radio wave. fe y ~ has been called the “speed of 

tading ” and is seen to be inversely iiroportional to the wavelength of the radio 
wave. 



32 


,S'. N. Miira and, It. B. L. Srivastam 
r rhi*,.<* is another met Inal of ealenlal ii.g From equation (23), 

OP 

p _ | / J KK 2 di\ 




"'r i 3 r ~ <!, (26) 

/V 2 ' 

r 0 uuj cairn Idtec I fium a knowledge of e T 2 - r. \li and A. 

r j i j ll | S from a lading record whoso amplitude distribution is given by a l!ay- 
kiLd) law and r T -disti ilmlnm by « normaJ curve the value of #’ 0 , the r lii.s. velo- 
city m tin* line of sight of (lie Minium motion ot the ionospheric irregularities 

uni be detei mined with the help of equations (25) and (26). 

It should, ho\\e\er, be mnembeied that the above analysis refers to a random 
velocity r in the line of sight Koi obli(|iie mudenee transmissions, the situation 
may he desenhed by means of an ellipsoid passing thiougli the sc altering 

ec nues and with the transmittei and I he leeeivei at the two foci. Then the 

component of the velocity along a direction nounal to the ellipsoid will only be 
ellet live* in pi ndm mg .1 Doppler sliilt. When the seatteimg centres are located 
at (he pond of reheel ion of the incident wave, t lion the hnc-of-sight velocity will 
he ec os 0 where </) is the angle of incidence 
r rii(‘ speed of fading will therefore heeome. 


J t\ I Sr 0 iicos <j) 
r A 


m 


r rhe value cd < j> can he dtd-ei mined from a knowledge ol the distance between 
the transmitter and the receiver and by assuming a certain height of reflection. 
I lie .speed ol lading oil oblique incidence will, however, be less by a factor cos (j) 
than that for the equivalent normal incidence 1 transmission. 

lliere is howevei. a simple but approximate method of evaluating r„. 
luce has shown that if <r is the standard deviation of the pov ei spectrum of the 
leeeived signal, then the number A 7 of maxima per second of the fading record 
is given by 

A 7 = 2.52<r 


F , t * ev filiating r 0 has been adopted in the fading records taken iu 

euuarv, . oL on short, wave pulsed transmissions at vertical incidence. 
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8. CALCULATION OF v 0 

(a) Medium wava. 

The medium wave fading curves as indicated in liable I were analysed for 
^-distribution. Only those curves were selected whose amplitude distribution 
obeyed Rayleigh’s law. A typical ^^-distribution is shown in figure 4- where 


p (VtO 



Fig. 4, y T Distribution (Gaussian) 

r = 1 second, A perusal of Table 1 shows that only 0 such curves are available. 
Table 111 below shows the values of v 0 determined from these fading curves by 
employing equation (27). 


TABLE III 


Fading 

curvo » 0 (m/n 

No. 


1 20.3 

1 J 4.24 

3 5,18 


(5 4 . 52 

7 JO 16 

8 25 1 
0 


15.00 



u 
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It would be , see u from the above table that v a wan varying between 3.9 and 
25.1 m/s 

(b) Short woven. 

\y 0 had taken about 200 fading curves cm an earlier occasion on vertical inci- 
dence pulsed transmissions on 4.8, 5 4, 6.0 and 7.5 Me/s (Mitra, 1953). These 
failing curves were taken by employing a peak amplitude recorder (Mazumdar 
& Mitra, 1954) and wore taken for five minutes at a stretch successively on the 
lour frequencies mentioned above from 1230 to 1730 I.S.T. centred on each half 
horn The records taken for K days from 2 1st to 29th February have now 
been utilised to calculate ui the tallowing way. 

The speed of fading has been evaluated from each record by counting the 
uiunboi ot maxima per minute. The average speed of fading has been calculated 
for all the fading records at each hour for the eight-day period. Table IV below 
gives the average hourly values of v 0 over the eight-day period (21st to 29th Feb.), 
calculated from the speed of fading by employing equation (28) for the different 
short wave frequencies a I different hours of the day 

TABLE IV 


' ^r- 


Values of 

m m/s on 


4. KMc 
02 -7m 

k r. 4Mc ( h 
70. 3m 

O.OMc ; s 7 

70 Om 40 

5Me,> 

0m 

1 230 

1 4 


- 


1 30(1 

1 2 

1 2 

J 3 

s 

1330 

1 - 

_1.2 

.9 

0 

1100 

1 7 

t 2 

-.A 

7 

1 130 

1 7 

1 1 

1 3 

.0 

1.100 _ 


1 0 

. !) 

. 7 

i r>30 


1 1 

0 

.(» 

1000 

• -! 

i 0 

.9 

0 

1030 

1 0 

s 

.0 

. 7 

1700 

1 0 

s 

. 7 

- 

1730 

I 1 

0 

0 


Average 

I 3 

1 0 

9 

.0 


A curve is 
figure 5. 
and (28). 


plotted showing the variation of , 


T i w p o wavelength and is shown in 

unve ,s a straight line indicating the validity of equations (25) 
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The higher values of v Q found in our analysis of medium wave fading curves 
(shown in Table III) are, therefore, to be expected according to the theory 



40 50 60 70 

WAVELENGTH IH METRE 

Kig. 5. Variation of v 0 with wavelength. 


described above. In experiment too we have found higher values of i’ 0 from 
an analysis of the m.w fading records (Table TIT). 

SI. Ft TGOKOUfi A N A h Y « 1 U 

A detailed statistical analysis of similar fading curves (Mitra, 1949a) has 
revealed that the normal distribution of v r is rather an approximation. An 
accurate distribution of v T based on the standard statistical test known as the 
'goodness of fit’ (y 2 — test) has been found to be a type VII distribution of Pearson 
and is given by 



/ v 2 t- iW 

p ^)- A ( H-y 

... (29) 

where, 

A 

... (30) 


a \/7T | m—i 


m - W.-0 

... (31) 

and 

a 2 — 

A-3 

... (32) 
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. ,< arc the corroded second order moment’ and the ‘eo-effieient of excess’ 

f: « L m ^ vif a 

, , curve except .hat it is narrower at, the maximum and WKler a the darts. 

„ the present ease also, we found a distribution (figure 4) which will be better- re- 
presented by a type VJT curve. But for all practical purposes where the main 
object is to calculate ... the normal distribution for v T is a good approximation. 


The significance of this departure id r T -distribntion from a normal one has 
been explained m the following way We have assumed that the line of sight 
velocities of the irregularities are distributed according to a normal law of error. 
Tbit, the Doppler shift in frequency will depend upon the total change in the path 
due to the motion of the irregularities. Now, for the irregularities moving over- 
head, the Dopplei shift in frequency will be smaller than for those situated at a 
distance Smaller Doppler shifts indicate large occasions when v r will he zero, 
and therefore, the jJ T -distribution M ill have too many values near the peak. We. 
thcretorc, find that for a large number of irregularities moving at random in the 
horizontal reflecting plane of the ionosphere, a more accurate ^-distribution will 
he given by a type VII disti lbution curve of Pearson. Banerji (1953) has, how- 
ever, pointed out that the distribution of t\ is independent of the poAver spectrum 
of the returned wave and will remain Gaussian for any shape of the pow er spec- 
trum There are reasons to believe that the distribution of v T and the power 
spectrum arc interdependent and detailed statistical consideration is being 
worked out (to he published later) which will show that a type VII distribution 
is a better representation of the distribution of v T ns obtained in experiment. 


10 EFFECT OF SLOWLY VARYING COMPONENTS 


So far we have discussed the effect of the addition of a large number of com- 
ponent waves having random amplitudes and phases Occasions may arise when, 
downeoimng wave consists in the addition of two magneto-ionic components 
Irom the ionosphere When both the components are fading independently 
and each component is the resultant ol a large number of w r avcs scattered from 
ionospheric irregularities, the fading will be irregular and the amplitude distri- 
bution of the resultant Avave will he given by Rayleigh’s law. 


In the absence of irregularities, the two magneto-ionic components ay ill have 
specular reflections from the ionosphere and their resultant will show amplitude 
variation due to a temporal variation between the phases of the two components. 
In such cases, the amplitude variation is periodic m nature (Mitra, 1950). 


In general, it may he concluded that when the fading of the received signal 
is irregular ,n nature .1 is either due to the addition of a large number of waves 
ddfiactivety scattered irom the ionospheric irregularities having random motion 
amongst themselves, or due to the superposition of a steady signal upon a randomly' 
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varying component wave. The methods of analysis outlined in the previous 
sections can be employed to determine the r.m.s. value of the random velocity 
and the relative proportion of the steady signal present in the fading wave. 

11. FADING AND CORRELATION FUNCTION 

We have assumed that the fading is produced by diffractive scattering from 
a largo number of ionospheric irregularities and the scattered wavelets having 
random amplitudes and phases combine at tbc ground to give a resultant signal 
at- any instant. The signal will vary when the scattering centres arc in motion. 
The fluctuating signal may be considered similar to "random noise’ produced when 
a resistor is kept at a temperature equilibrium. 

The problem may also be looked upon from its optical analogy We may 
visualise the situation in terms of an irregular diffracting screen replacing the 
irregular structure of the ionosphere illuminated by a point source of radiation 
representing the transmitter at the ground. We may replace the problem of 
irregular reflection in the ionosphere by means of a transmission one when the 
transmitter is located on the other side of the screen and study the distribution 
of the wave-field pioduecd at the ground The wave-field at any instant may 
he completely described from a knowledge of the nature of the diffracting screen 
The mstant-to-mstant variations in the diffraction pattern will have some sta- 
tistical properties in common so long as we deal with a stationary state.’ An 
important statist ical property of such variation is the auto- correlation function, 
which indicates the degree of correlation between the two values of the wave- 
held made at time separated bv a series of time intervals. Rice (1945) has deve- 
loped the theory of random noise based on the auto-correlation function Wang 
and UJilcnbeck (1945) have used this function while describing the Brownian 
motion in liquids. Booker, Ratcliffe and Shinn (1950) have discussed the prob- 
lem of ionospheric diffraction in terms of "angular spectrum and auto-correla- 
tion function. We shall use some of their results m our analysis. 

In our experiments, when the irregular screen is illuminated by plane waves, 
we get a temporal variation of the resulting e.m.f. of the wave-field on the ground. 
Let pR(r) represent the autocorrelation function of the amplitude R of the 
fluctuating e.m.f. pR{r) is given by 


| ie(0ii(<-|-T)^- [ R[*)dt J 

/)fi( T)=— -- ■ - ( 33 ) 

j f ] mm 1 
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We have ulrnadv seen that thr Doppler-nhifted frequency/ in the returned wave 
(diifi to random meliiai of I hr irreaularitiea) in distributed (e.f. equation 21) with 
a probability / J (J') imeu by 


/,(/) rL- A ox " [ ~ £ </-/•>*' 


... (34) 


The same expression also gives the 'powor-stcctruni of tht* returned wave. 

Now. by will-known Wiener's thcoiem, the autocorrelation function is 
propoi t jonnl 1o Ihe Fourier transform of the distribution of power in the power- 
sped i run . Therefore 


| H'(/ /«) PmfrW j 


exp(- d|) exp UnifrW 


'H 

• »"( '“'> v ) 


... m 


Ht* thus linrl that the auto-correlation function falls to p~ l after a time r — ■ 

47TV lt 

which can be conveniently called the ’fading time’ since it will, on the average, 
lopiesont the time that has elapsed before the received signal lias altered appre- 
ciably 

lb)i oblique incidence e 0 should be replaced by v n cos <p and the anto-corre- 
Jn t ion function becomes 


f>ll (r) oc exp ( - l(i ?T? T ^‘ OKa 0 j 


... (36) 


the lading of a doubly reflected wave from the ionosphere has been aimi- 
ai \ < in t with H pn { { 7 ) and fm 2 {r) are the auto-correlation functions for the 
rirst and second i effect, ions respectively, then. 


P*i ( T ) = [pRj{r )\ 2 


(37) 
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In other words, if the ionospheric irregularities are moviug with the same 
horizontal velocity at the two points of reflection the rate of fading for the second 
reflection will be less than that for tho first reflection as given by the above formula. 

Wo shall now proceed to the determination of p J? (r) from one of the fading 
curves. We have analysed one fading curve (No. 5 m Table 1) for obtaining 
t>n{T) from a series of values of r. Figure 6 shows the auto-correlogram where 



Fig. 6. Autocorrelation function of fading cuv\e No. 5. 

p 7l (r) has been plotted against r. The curve is normal in shape and the value 
of 7 for which Pr{t) f'a.lls to e~ } is about lfl.f> seconds. We can now employ the 

relation 7 ~ f - - for this value of r. A is 294.1m m the present ease. ?; 0 there- 

‘*7TV 0 

tore, works out to about 3.3 m/s ec. This value of v 0 compares favourably with 
that obtained from time-analysis (3.9 m/sec). 

12. .STEADY DRIFT, LOCATION AND DIMENSION OF 
IRREGULARITIES 

In the ease of a steady ionospheric drift blowing the randomly spaced irregula- 
rities unchanged in form the fading patterns at two spaced receivers will be similar 
"i nature although they aro irregular individually, Ratcliff e and Pawsey (1933) 
and Pawsey (1935) have shown that the fading patterns taken at two receivers 
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separated by about a wavelength remain sensibly similar. The effect of the 
ionospheric drift causes the pattern at one receiver to lie displaced with respect 
to tin* other by a l mi e-iuterval depending upon the velocity of the drift, while 
Hie dissimilarity between (lie tiro fading patterns indicates the presence of the 
random motion of the ii regularities. This is. of course, true when the random 
motion is smaller than the steady drift and available experimental evidence indi- 
eates that i( is so except during ionospheric disturbances when the random mo- 
lion predominates Biiggs, Phillips and Shinn (1950) have developed a method 
bv whieli both the steady drift and the random motion could be determined from 
a consideration of the correlation functions of the fading curves taken at three 
receiving points Bui it is not possible to evaluate the steady drift from the 
analysis of a lading c urve taken at a single reeciver. 

Hie wave diffraction at the ground could be produced by reflection or from 
transmission tlnough an irregular part of the icmospheie and it is difficult to locate 
the system of irregularities Available experimental evidence indicates that the 
system of in eguianties is mostly situated at or below tlie E layer (Mitra, 1952). 

In order to become efficient scattering centres, the dimension of the irregu- 
laiitjes should be of the order of a wavelength used. In an earlier experiment 
Mitra (1953) has shown that, the horizontal length of an irregularity was aboul 
l Km (Wavelength used was 75 m) and the diameter of the first Fresnel zone 
was found to be about 9 Km. 


1H. S U M M A K ^ AND ( ! () N V L V H I O N 

" h “ lK '''" »» "Hie duction that m studying the different 

pro, esses that arc assumed l,e cause the fading of a downeoming wave, we shall 

!“ ^ '* a8 ' u "l ,Won «'^,d.ng the nature of the ionospheric irregularities. 

Wo assume that the ..regular, l„es exist a horizontal plane and their steady 

howe.T T Z r T lm> mUtUU ' ‘" MSe the hdin »‘- These irregularities may, 
1 1„ V ' , C "! 6 ™ “ dc "“‘- v , " niBwl l whose ionic densit ies are greater 

tu,. 'I, 1,, " ,W,ti0n " f t,,e What, causes them to be 

' mU ' **' 1,1 ,1W ' »■ Period of time arc siiU „„t fully known. 

m a lUlltrlT t,,e r thal thC distribution of 'suiting amphtude 

hv u regular diffrachve ■ , >nnei ib obta,lled when the fading is caused 

l-licstJrrX^V ' I1Had0nl '■'«"<* Wllve from local irregu- 
amongst themselves, the latter Ihm u 7° “ no **P h ©» moving at random 
specularly reflected mTm mi e is a steady signal in the nature of a 

analysis further reveal* 1 owT .17*^ ^ the SCftttered WttVes ‘ ThlJ 
Gaussian amplitude distribution d ^ pi0porlion of steady signal from a 
■ t has also been stated that superposition 
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of several waves, each fading randomly, does not alter the amplitude distribution 
which remains essentially a Rayleigh one 

A time analysis of the fading curves would enable one to determine v 0 , the 
r.m.s. value of the random motion of the irregularities in the line of sight. For 
t his purpose, only those fading curves could be considered whose amplitude dis- 
tribution obeys a Rayleigh law. It has been found from the time analysis 
of 9 such fading curves that v 0 varies between 3.9 and 25.1 ni/sec. A more 
rigorous time-analysis indicates somewhat different distribution and its possible 
ionospheric causes have been discussed. Utilising a simple method of deter- 
mining v 0 about 200 fading curves taken on short waves of different frequencies 
on an earlier occasion have been analysed and it has been shown that the linear 
relationship between y 0 and wavelength is obeyed 

v 0 can also be determined from auto-correlation function of the fading 
curve, a method due to Booker, Ratcliffc and Shinn (1950). It has boon found 
that v 0 determined from a consideration of the auto-correlation function agrees 
(airly ivcll with the value obtained from time analysis. 

The effect of a steady drift, location and dimension of the mospheric irregu- 
larities have also been discussed in the paper, 
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RECOMBINATION COEFFICIENT AND ELECTRON 
PRODUCTION RATE FROM TOTAL ELECTRON 
CONTENT IN UNIT COLUMN BELOW THE 
LEVEL OF MAXIMUM IONISATION 
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ABSTRACT. The paper describes the results of computation o, the mean recombi- 
nation coefficient (ft) and the moan electron production vatu {q) in the F region on 
quiet days. The diurnal variation of n, the total number of electrons in a col umn of 
unit cross section extending from the “bottom” to the maximum ionization density height of 
(he same region is utilised for the purpose. The values of n and its diurnal variation, in 
then turn, are computed from the P'—f records of the automatic ionospheric recorder installed 
lit Haringhata (Calcutta). 

Night-time average values of ( « obtained by the same method, show a marked seasonal 
change, the maximum being in December ( tt — 10 HxlO-i'i c.e per sec. per electron) and 
the minimum m June {a = 2.2 x 10-Jo c.e. per sec. per electron). Assuming that the recom- 
bination coeffic/iont. falls off at an exponential rato, a n1 p-W (where z is the reduced height, 
<t ul is tho recombination coefficient at the maximum ionization height and p is a constant), 
u mothod has been suggested for det ermining the value of p from the recombination rate in 
tho unit column and that at the maximum ionization density height. 

I N T RODUCTION 

Recombination coefficient (<z. m ) and electron production rate (</,„) att he 
height of maximum electron density in the F region have been determined by 
several authors (Appleton, 1937 ; Bajpai, 1938 ; Bhar, 1939 ; Seaton, 1947 ; 
Baral and Mitra, 1950) from the diurnal variation of the maximum electron 
density (N m ) governed by the equation, 

... (i) 

a,„ and q m so determined have, however, sometimes negative and zero values 
which cannot be interpreted. This happens specially for equatorial stations where 
midday dip of maximum ionization density occurs. In view of this, Skinner and 
Wright (1954) have suggested the determination of <x m and q m from the diurnal 
variation of the total number of electrons (n) in the F region in a column of unit 
cross section extending from the “bottom” to the height of maximum ionization 
density of the layer. This is because the diurnal variation of n has no midday dip 

43 
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(Itatclif fe, J 95 J ). Skmnpi and Wright ( 1955) have o hi amort from the diurnal variation 
of H , the annual moan day time variations of a and q m the F region at Ibadan on 
magnetically quiet and disturbed days The mean electron production rate q is 

defined by q y [ ^ qd/i and the mean recoinhination coefficient a is defined 
' ’ " J // 0 

by J-Y. = f //W< aiW// where y ftf is the height from the ‘bottom” (h 0 ) to 

‘ W ‘ J 

the level of maximum ionization of the layer [h m ). 

r H K M K THOU 

If the elec Irons disappered by recombination, the variation of n with time 
is governed by the equation. 


dh 

(If 


— q • ?//«-*(;;-) 

' ?/»H ' 


... ( 2 ) 


where g and a are the mean electron production rate and mean recombination 
coefficient as defined earlier 

If q and a are assumed to vary symmetrically about midday, we have 


and 


fan \ /an \ 

W M dth ' ,tni “ ( ;/f) u 
y mj 

(i/ 2 “— n 2 a j 2 ) 


... ( 3 ) 


(4) 


where « — and suffixes 1 and 2 reler to conditions before and after midday. 


At night, g — 0, hence 


dn 
dl ' 


*(-)■ 

\yj 


y w 


( 5 ) 


In an mu, zed region vvheie the eledron density may be assumed to vary para- 
boheaUy with height, the election density, N at any height, h is given by (9) 


N 




w 


whore Z — ^ 


7/ ’ N ™ r_r ,Tlft ximum ionization density at the height, h m ( Z =o) 

and If = scale height, 
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In such a region, if the electrons disappear by recombination 


2 

a {y^} ’ y ,n ~ jTj a m^tn Z - Vni (7) 

It has been shown by Ratcliffe (1951) that for a parabolic region, 

n = 2l$.N nr y m ... ( 8 ) 

►So, for parabolic distribution, 


a ~ a 

“ fl2 


( 9 ) 


Similarly, for such a region when the total election production rate and total 
recombination rate in the unit column are equal, i e. near noon, 


3 * y>n ” | rj a »i ■ Vta 


Hence 


15 - 
9m ^ $ -*1 


( 10 ) 


(ID 


where q m — electron production rate at the maximum ionization height under 
quasi-equilibrium conditions. 

The values of a have been determined by utilising equation (4) for day time 
conditions and equation (5) for night time conditions. The values of q have been 
obtained by using equation (3). 

rf the recombination coefficient falls off exponentially with height, ot m e~ pz 
where oc„, is the value of the recombination coefficient at the maximum ionization 
level ( Z — 0), then the total recombination rate in the unit column of a parabolic 
region is given by 


B j <x m e-* z . 1 -■ Z ~y . dz = Ha. m N m 3 .f(p) 

■a 

where 

f(p) = p- 3 . e? r {2- ■Ap- 1 -\-l.5p-*)-p 1 a-p-' i +1.5p- i ) 
Variation of f(p) with pi. I <" p 2.0) is shown in figure 3. Ai night. 

^ = —Ba m N„}f(p) 


So, 


I dn \ 

,, a \ di /_ 

Hp) Tj AT j — 


H, 


(dN n 

\Hf 




NfH dy m 1 

~H ‘ dN w J 


( 12 ) 

( 13 ) 


( 14 ) 


... ( 10 ) 
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Since -jp = - ailtl n = | N ™ ■ 

From the diurnal variations of n and tf*. the values of/(j>) and hence, of p 
may he obtained 

It is wmlh mentioning that theoretical considerations show that the oleic- 
tron distribution can not la* parabolic if the recombination coefficient is dependent 
exponentially with height 

RESULTS 

ionospheric records (P'—f) at 30 minutes interval on international magneti- 
cally (juiM days for the months of March and April, 1055, obtained at the Ionos- 
phere Field Station. Harmgbata (Lat. 22°5fl' N, 2K miles north of Calcutta) of the 
Institute of Radio Physics and Electronics, University of Calcutta, were utilised 
for obtaining the values of n List of five Internationa] magnetically quiet days 
for each of the months of March and April were obtained from the “Ionospheric 
Data" published by the Uenlral Radio Propagation Laboratory, Washington, 
D.C 

Half hourly values of n were determined from the (P'—f) records by Rat- 
eliffo s method on the assumption of a parabolic electron density distribution 



Fig. 1 . Mean qu.et doy diurnal variation of n tor the months of March and April. 
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in the layer. Figure 1 shows the mean quiet day diurnal variation of n for the 
months of March and April, 1955. 


To obtain the values of * a ^ nea1 ’ change of n between the half hourly 
values was assumed. Figure 2 shows the persistent midday dip with maxima at 



Kig. 2. Mean quiet day diurnal variation of a and q for the months of March and April. 


10 hrs. and 14 hrs, (L.M.T.) in variation of a and q for .F 2 region obtained from 
quiet day ionospheric records at Haringhata (Lat. 22°56'N). Similar, but more 
pronounced dip has also been obtained by Skinner and Wright in the variation 

of a and q computed from ionospheric data at Ibadan (Lat. 7°22'N). Table X 
shows the mean hourly values of oc m and q m for the months of March and April 

at day time obtained from the value of a and q respectively. 

Figure 4 shows the mean quiet day nocturnal variation of a in the F region 
for the same months. Figure 4 also shows tho plots of night time values of f(p) 

obtained from the observed values of and(^-") . Experimental values 

°i ftp) are widely scattered . The experimental value of f(p) is found to be of the 
ordor 1.70 at midnight. From figure 3 this corresponds to the value, p — .66 
approximately. Variation of the recombination coefficient with the reduced 
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height Z at midnight (a w , =* 3.2 X 10~ 10 can* sec~ J ) when p = .66 is shown in figure 
5. It will be noted that with p = .66 the value of the recombination coefficient 
at the bottom of the F region is J .2 X 10~ 9 cm 3 sec -1 at midnight. 



Tig. 5. Variation of recombination eootfiutmt with reduced height (Z) at midnight wlion 
am =3 2x10" m cm. 9 hoc. i and p — .00. 

TABLE r 

Mean hourly values of oc m and q m obtained from a and q. 


«»i* <bn 


Tmio 
(L M.T.) 

cm 3 pci elec- 
tron per hoc. 

Ter nm !l p< 

HOC. 

0000 

1800 

3 3xl0-ii 

28 

0700 

1700 

5.0X10-11 

50 

0800 

1000 

O.ixlO-ii 

79 

0900 

1500 

9.2x10-11 

185 

1000 

1100 

15.8x10-11 

332 

1100 

1300 

9 . 0 X 10-1 l 

200 

1200 

8 SxlO-ii 

188 
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Figure 0. Shows the seasonal v arm lion of the average night tune a ior the 
year of 1954 



Fig. (i Seuhonul tum Lion ol nvornge iu^IjI tune a m fcho F region over CaUuttn. 


DISCUSSION S 

The anomalous negative and aero values of a M and q u , that are sometimes* 
obtained when they are computed from the diiniial variation ol N„ r disappear 
when computed from the diurnal variation ol n (total electron content). This 
is pressumably due to the fact that m such computation any change in the thick- 
ness of the. layer due to the vertical ionic drift oi thermal expansions and con- 
tractions is taken into account (There is, of course, the proviso that the frac- 
tion of the total ionization helovv the level of maximum ionization density docs 
not change). Both methods of computation, however, have the common draw- 
back that they assume a symmetrical vanation of the recombination coefficient 
and electron production rate about noon In connection with the computation 
h'oin (he diurnal variation of n, it is to be noted that the anomaly of the midday 
dips m the diurmil variations of oc m and r/,, t persists even with this computation, 
though Less markedly Two suggestions have been put forward to explain this 

anomaly According to Skiuner and Wright, the nndday dips in a and q are 
to be ascribed to tin* change caused by the vertical ionic drift in the fraction of 
the total ionization which lies below the level of maximum ionization density. 
This change affects the computed values of n and the method of determining 

x and q bum the diurnal variation of n , and so leads to anomalous results. 
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According to Lcpechinsky (1951) the diurnal temperature cycle may also 

contribute partly to the midday dip of q,„. Thus, if q m and q m be the maximum 

i a 

electron production rates when the solar zenithal angles are / y 1 and y 2 , and the 
corresponding temperatures are T'{ K and T‘% IC respectively, then 


q \ = T, cos Xl 
<lm COB 


(16) 


Hence assuming that the temperature variation only is responsible for the midday 
dip, it is found from the values of q m given in Table T that the midday tem- 
perature is nearly twice of that at 10 and 14 lira (L M.T.) in the F a region over 
Haringhata. Such large diurnal temperature variation between morning and noon 
hours appears to be doubtful. 

ft is interesting to note in this connection that plausible theoretical expres- 
sions for the recombination coefficient, (a) depending on temperature and pressure 
may bn utilised for estimating temperature variation in the ionospheric regions. 
Thus, according to Thompson and Thomson? 



whore P — gas presume 

T — gas t emperature, r 1 

H 


and a 0 , r l\ are the recombination coefficient, pressure and temperature res- 
pectively corresponding to reference conditions Tf j j be considered unity 
for ionospheric conditions 




(18) 


Seaton (1948) has utilised this expression for the study of world w idc temperature 
variations in different ionospheric regions We have also utilised it to determine 

seasonal variation of temperature from the computed values of a for different 
seasons. It was found that in F region the average night time temperatures for 
summer (June-July) and equinox (March -September) are 1 .58 and 1 .20 times res- 
pectively that of winter (December- January), 

Since, H the scale height is proportional to T , the measurement of H also 
permits an estimation of the temperature, Thus from scale height measurements, 
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Ttaial and Mitru found tlial the R-region temperature over Calcutta varies from 
70()°IC in winter to l200 n K in summer (for the period of high solar activity) and 
,-,()()" K in winter to <MM)“K in summer (Iot the period of low' solt\r activity). 
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FAST COINCIDENCE WITH FAST DISCRIMINATORS* 

KANOAJ.AL BflATTAOHARYYA and SANTIMAY CHATTERJEE 

Institute of Nttcleaii Physics, Calcutta 
{Itrcnved for publication Autjmt IS, 1956) 

ABSTRACT. A simple arrangement using fust discriminators with fust coincidence 
circuit lifts boon described. With this « resolving limo of ton milli-microseconds ran hr easily 
oblainod. The mam features of this arrangement. are its stability and sim] ilicit.y 

I N" T It 0 l) IT C! T 1 0 N 

Use of amplitude discriminators employing conventional circuitry preceeding 
coincidence circuit is restricted to a resolving time ninth longer than what pi e- 
sent day coincidence circuits can yield, unless the slow-fast arrangement (Bell 
d ul, 1 1)52) is utilised The limit is actually set by the slow rise-time of the, anode 
pulses of the discriminators which, in such experimental arrangements, arc often 
necessaiy for amplitude selection m both channels. A fast discriminator can, 
however, lie conveniently used in each of the channels giving equalised output 
pulses for input pulses above the desired level and with these equalised pulses 
the coincidence circuit gives a well defined and stable resolving time Such an 
arrangement, to be deseribed here, has the advantage that the elaborate 
assembly in the slow-fast type can be avoided. 



Kig. J. Bloolr diagram of the experimental arrongomont. 

*Tho paper in a modified form wiih reported at the Indian Science Congress m January, 

1956. 
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Figure I shows the cxpoinncntal arrangement. The fast coincidence circuit 
similar to that evolved by (Janvin (1950) has been used for jts inherent stability 
and simplicity, The fast discrimmsitor in the two channels have been constructed 
alter Moody <t nl (1952) using the secondary emission pentode type EFP 00 in 
(,| i ( * (nggei ( ircnd Other components of figure 1 being sc If-cxp lanatory have 
not been desciibed. r riic characteristics of this discriminator as regards the 
smlahilit v of ii s use in a coincidence channel have been studied and are given 
below 

(a) Input sensiljvity of 0 25 volt has been attained for input pulse width 
nl 25 milli-nncio, seconds The stability of that level being not very good, work- 
ing icgion has lo be much higher 

(b) Plate pulse widths from 0.1 miciosccoml to 0.5 microsecond have 
been obtained with different values of dynodc load and feedback capacitor, the 
amplitude is about 20 volts for a plate load of 100 ohms. The rise time of the 
plate pulse is I 10‘ H see. The lowest width quoted has been selected in order 
to handle adequate counting late. The plate pulse has been clipped to a width 
of 20 milli-microsoconds before being fed to the coincidence circuit, 

(c) The circuit lugger mg delay should be small and uncertainty m trigger- 
ing should he much smaller than the resolving time aimed at. It has been oh- 
soivcil that for input pulse height above 1.2 volts (input pulse width 25 milli- 
microseconds), the triggering delay remains nearly to 5 nnlli-mioroseconds. 



However, the triggering delay increases 
extent of ;I0 mill] -microsecond for 0 2 
m figure 2 


as the input pulse height decreases to the 
volt input pulse height . This is shown 


, ^ l1 / majo,it '- v photo-multiplier pulses are amplified to 

' 1 - VOlts ’ v, <‘™ •“"I'Kfier of 30 Mo /« bandwidth have been uMd. 
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A resolving time of 2 x 10~ 8 secs, has been obtained with this arrangement. 
Plastic phosphors m conjunction with RCA 5819 type photo-multipliers have 
been used as detectors. Figure 3 shows the prompt coincidence curve obtained 
with Co<*°. 



Pig. 3. Prompt coineuhuico curvn ubttujiod with 0o r,(1 . 

For detection of coincident- events from nuclei, fast coincidence with or with- 
out delay between the channels are very often utilised. Although the above me- 
thod does not seem to be capable of yielding a resolving time limit reached other- 
wise, the simplicity of the arrangement advocates its use fui a resolving time near 
10 milli-miero, seconds. The method, however, has enabled us to obtain a stable 
resolving time without getting much trouble in the adjustments of the coincidence 
circuit. As the minimum triggering sensitivity of this discriminator changes 
with input pulse width, the input pulse needs to be properly shaped. 
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The Lio< ml of Editor# will not hold itself iraponinblr, for opinion# expressed in the letters, 
published in fin* section. The notes wntmmnq reports of new work communicated for this 
section should not ionium mumj figures and should not exceed 500 words m length. The contri- 
bution'! must icmh the Assistant Editoi not later than the 15th of the second month preceding that 
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ELASTIC AND INELASTIC SCATTERING OF HIGH ENERGY 
ELECTRONS BY SOME 2p -SHELL NUCLEI ON THE 
INTERMEDIATE COUPLING MODEL 

M. K. PAL, $. MUKIIEUJEIC anu A. K. SAHA 
Ins rn'ui'jij of NuoLEAit Physics, (Iamhttta 
(lleeetved for 'publication Novembci 12, llKi(i) 

In i^mit years a considerable amount of (lain has accumulated oil scatter- 
m k r °f high energy electrons by different initlci The colled ive model and the 
independent particle model of the nmleus have been used by different workers 
to explain these data, We have worked out the scattering founulae for 2p-shcJl 
nuclei hy using the ‘Intermediate Coupling' model. In this note we report the 
results ol our piehiinnary calculations with these formulae on elastic and in elastic, 
mattering bv Be" and C 12 . 
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For Bo** we have assumed a deliberately simplified form of nuclear Hamil- 
tonian with a strong Major ana central interaction and comparatively weak tensor 
and spin-orbit interactions This reduces the mi in her of LS-coupling states whose 
superposition is required to construct the wavefunetions of the lowest few energy 
levels of the nucleus The resultant energy levels are shown in figure 1 The 
oscillator avo! I -parameter, o 0 , has been chosen equal to 1 537 v |0“ ja cm. in ac- 
cordance with Swiatocki s (1051) formula. We have calculated the seatteimg 
cross-sections corresponding to the energy level diagram' (<7). The results are 
presented in figure 2. It is seen that though the elastic curve agrees faiily avcII 
with the experimental data, the inelastic curves are considerably below the ex- 
perimental ones on a logarithmic plot. 



Kig. J. Elastic and inelastic differential mjbb-bcetion cuivos foi Bt* M Theoretical curves 
correspond to energy level diagram (a) of Fig. 1 

Chi'* of the predictions from our theory is that for different inelastic scatter- 
ing with change of total angulai momentum J, the tr(0)w s. 0 curves will run parallel 
on a logarithm ic plot. This has been corroborated by the inelastic curves for 
C 12 of Fregcau and Hofstadter (1955). The inelastic curves of McIntyre, Hahn, 
and Hofstadter (1954) for Be”, however, do not conform to this conclusion. Tt 
may be pointed out that these curves do not show the experimental errors, and 
hence no definite inference can be made from them. For Be” our inelastic curves 
can be shifted vertically to match exactly the lower experimental inelastic curve, 
8 
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nairhccl if we choose « 0 — 2.0 X 10~ u oin., but then the 

cm. as it gives a better fit 
0 of Fregeau et al than the 
» cm. With same value of a Q we have plotted 


'Dio upper one ( an be nia 

agreement nt the elastic curve becomes poorer 

In ease of 0 12 we have chosen a a — J.J>S2xU> 
w.th the cm ves for 4.4,‘i and 9 hi Mev levels of figure 10 of Fregeau et al than the 

Swial-etki-vahie r# 0 = 1.992x10 
the squaie of the i unction 

/t _ K* (K’ — a u K, K — change of momentum of the 

ff electron) 

iii figure 3. From our theory this curve should have ordinates related by a cons- 
tant factor to the corresponding ones of the experimental curve of Fregcau et al 



Fig. 3. Comparison of 0 - vs. K curve for 0 ia with the experimental tr (^ ) (4.43 Mev) /a (0) 
point vs. K curve of Froageau and Holstudter. 

shown in the same figuie This is actually the ease, the factor being 1.8, except 
tor points above K ^ I 2xl0 13 But here again the large experimental uncer- 
tainties do not allow us to make a definite conclusion 

In figure 4 we have plotted for 0 1 - the inelastic curve with change of J . A 
constant multiplicative factor has been chosen so that the curve matches at 6 — 90° 
tlie expei imental points cm curve D in figure 4 of Fregcau et al. The agreement 
with the expei iinontal data is fairly good • , 

So far vve have attempted to verify if, without- malting detailed wavefunctibn 
calculations, we can get any evidence that forces us to reject- the theory. For- 
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tunately we do not get any such evidence Detailed calculations of the wavo- 
fnnctions of C 12 with a nuclear Hamiltonian that satisfies two-body data on bind- 



Fig. 4. Comparison of inelastic (,/' ^ J) alO) vs. e ourvo for O*- with experimental data 
of Fregeau and Hofstadtor. 

mg and scattering are in progress With such wavcfunetions we expect to make 
definite conclusions as to the quantitative agreements of the theory, especially 
the high inelastic cross-sections. That work will be reported elsewhere in due 
time. 
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DIPOLE MOMENTS OF TRI-SUBSTITUTED BENZENES. 
PART II 

I) V (4 L NAKAtiTMHA RAO 

1‘HYNllS Uki*ai:tment. Anjdjum University, Waltaiu 
(Ttccdwl for publication October 12, 1056) 

In continual ion ol the work (Kuo, 1950) on tn-substituted benzenes, the 
dipole moment values .lie lepoited in this article foi sonic moie similar mole- 
cules containing an ammo group The observations are earned out in benzenec 
solution at 30"C The calculated values are also given in the following table. In 
these calculations the dipole moment vector of the amino group is taken as 
making an angle of 38 L with the P-N bond which links the group to the benzene 
ring, following Marsden and Sutton (I (13b) in their treatment of some substituted 
anilines The polarizability of the NH ? group used is 1.97V 10 24 , calculated 
from the refraction o( the group extrapolated to infinite wavelength using the 
values at various wavelengths (Landolt-Bomstem. Physikalieh-Ohemisehen 
Tn.bellen.5th edition Berlin 1923. Page 985). 

TABLE 


Compound 

observed 

calculated 

2 Chloro -I Toluidme 

2 35 D 

2.44 

“ Chloro 6 Tolmdmc* 

2.81 

2 87 

4 Chloro 2 Toluidino 

3.07 

3 04 

H Chloro 2 Toluidme 

2 OR 

2 62 

5 Chloro 2 Tohudine 

3.20 

3.10 


Details will he communicated shortly 
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ELECTRICAL OSCILLATIONS IN A. C. DISCHARGE 

M. B. KAE N1K 

Thk Inhtitotr of Sciknoe, Bombay 
{Ueceived for publication September 4, 1956) 

ABSTRACT : R. .1. oscillations have been detected in A. C. discharge A largo 
number of r. f. components aro observed to be simultaneously present, these components 
,,re modulated with Iho supply lrequency of 50 c/s. Two now methods have been employed 
lor measuring these frequencies. In one method the Uwroijoub figures pioduced on a 

f 1 R. O are utilised In the other, a superheterodyne frequency motor is used. Tho values 

of the frequencies of the r f. components observed do not appeal to change appreciably 
with different parameter*, particularly M/1 1 , gas, mid circuit constants. 


I N T R 0 DUCTJON 

While studying the effect of irradiation oil the elcctrodeless discharge Joshi 
(1945), Tiwai’j (1948) and von Engel and Harries (1951) have observed some 
pulses' in the discharge. The existence of a large number of discrete frequencies 
of K F. oscillations in A.O. silent discharge has been studied by Khastgir and 
olheis (1952, 52, 54). We describe here what are apparently some similar pulse 
oscillations in a 50 c/s A.C. discharge We have determined the pulse frequencies 
and studied tho effect of different parameters like E/P, nature of the gas, circuit 
constants and the nature and the geometry of the tube on the values of the ob- 
served radio frequencies. 

METHODS OF MEASUREMENTS 

The type of wave-form which had to be analysed is shown in figuie J . The 
streaks represent high, frequency compounds developed in the tube due to elec- 



Fig. L. Current oscillogram showing pulses on 50 cyolo curve. 

trical discharge. There are inherent difficulties in the measurement of tho ti'e- 
qiionoioH of these streaks. Firstly, there are a number of components in the 
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radio frequent y region sumdl anemislv present. Secondly, on all these com- 
ponents which arc verv weak, is superimposed a strong 50 c/s modnlalion from the 
supply collage. Hence tin* methods suitable for measuring unmodulated signals 
with very wide separation in their frequencies cannot be employed here. We 
have, therefore, devised two methods, employing a cathode ray OHeiJlograph 
and a superheterodyne circuit The method employing the cathode rav oscillo- 
graph is based on the following consideration When two sine voltages are ap- 
plied to the deflecting plates of a cathode ray oscillograph, we can see closed 
Lissajous ligures it the two frequencies involved can he expressed by a ratio of 
integers. The exact configural ion of the pattern depends upon the frequency 
udjo and upon tin 1 relative phases of the two waves The ratio of the horizontal 
to veil it a I frequency is the number of times the pattern touches a vertical lino 
divided by the numbei of times it. touches a horizontal line This deciphering 
is at its best with a difference in phase of l)0 u between the components. As all 
tbe unknown iiequcnoies we have to measure are modulated, they cannot lie 
coupled with an unmodulated known frequency to produce a Lissajous pattern. 
Vhth one modulated and one unmodulated fieqiioncy applied to the plates of the 
cathode my oscillograph there is only a luminous patch seen on the screen; but 
if both the frequencies are modulated and if one of the two modulating frequencies 
is an integral multiple of the other we can observed a Lissajous figure, provided 
the primary (j.e camel) frequencies are equal to one another. The Lissajous 
figures in this ease will be similar to those produced by the modulating frequencies 
alone In our work the unknown frequencies which are modulated with 50 e/s 
are applied to the X-plate of the oscillograph, while to the Y-plates is connected* 
an r.f. oscillator, the output ol which is modulated with a fixed frequency of 
400 e/s As the ratio of the modulating frequencies is 400: 50 i.e. 8:1, its Lissa- 
jous pattern will be a pattern of* 8 loops (figure 2 ) The locked pattern is identical 


V 



'° 0p “- Manu X - Of the discharge tub.. 

‘olut.,1 * oo c/ s , ,vh,l„ along y „ (,lio output ot tll „ r , oBcillutor mod „la t ™l TO thV./ 8 . 

110 M ° Uif! ° ,jtain fr01 ” 50 ( '/ s I ,lus 400 c /« when both are 

™iu«e is uahiril I’" 1 thc,e “ a HmaU fuz *. v '’“kground. Thin of 

au , I a) ‘ ‘ <IUbl< uu,1 f! the la f f<e nombiT of frequencies which arc presold 

ivn'al! s '1,1! ; S T r “ «*"“ —in, pattern. Tide pattern will 

ties i« the xam • ! Tl" " ' * " bhe ‘ rv<M * on) y wlltn of the unknown frequen- 

,,ven l,y the r.l oseillittor, The raiding ou the oscillator 
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arc taken whenever the steady pattern of eight loops appears on the screen of 
tin; cathode ray oscillograph. This method is suitable for our work because' only 
one unknown frequency is utilised at a time In lock up the pattern of eight 
loops. Thus we can measure the values of all the r.f. components present sim- 
ultaneously. This method has proved to have a good rosohing power, resolution 
,.f course depending on the “band spread” resolution of the r.f. oscillator used as 
known frequency source. 

Tn the second method a superheterodyne circuit is employed. The output 
of the discharge tubes, containing unknown frequencies, is fed to the antenna 
coil of the superheterodyne circuit (figure 3.) In the circuit after the detection 


To vacuum 



•'lg. !i It lock dmgium for t.ho position E x in the* coho of the internal electrode tube with the 
cathode ray oscillograph, l ho superheterodyne circuit and tho current measuring 
unit, 


■stage, a power tube with an output transformer is employed. Tho output of its 
■secondary is rectified by a triode 30 converted to a diode and the rectified voltage 
is fed to tho niicro-ainmeter(or a mirror galvanometer). The setting giving maxi- 
mum current is determined by a resonance curve. This setting gives the value 
oi the unknown frequency. Here, however, the resolution is much less than that 
obtained with a O.R.O. 

The above two me.thods were supplemented by an absorption wave-meter. 
At the output of the wave-meter there is a germanium crystal in series with ft 
mirror galvanometer for detecting very weak signals. 
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experimental 

Tbp j jrcsence of doctrinal oscillations has been investigated in tlireo types 
„ [ discharge tubes. They are (1) an internal electrode discharge tube, (2) a flat 
glass elec trode discharge tube and (3) an ozomscr type. The internal electrode 
Uibe (figure ,‘{) consists of a pyiex glass tube with two aluminium electrodes each 
of diameter 30 mm. They arc separated by a distance of 151 mm. Between the 
two elect lodes two square grid-Jike probes are introduced. The probes are not 
symmetrically situated The probe No. 1 is at 40 mm from one aluminium 
electrode while probe No. 2 is at 31 mm. distance from the other aluminium 
electrode. Thus the two probes are sejiarated by a distance of 80 mm. With the 
help of this construction three different electrode gap separations of value 40 mm. 
(Ej), 120 mm. (]<J 2 ) and 151 nun. [E a ) were available. The two probes P 1 and 
l\ constituted tin* grids* between the electrodes separated by 120 mm and 111 

TABLE 1 


Internal electrode tube 


Method 

1 tango 

Total no. j 
of readings i 
j'oi each ftlJ ' 

column 

| 

argon hydrogen 

oxygen 

mercury 

vapour 


_K+_- 

HOC 

1936 

100+1 1 

101+ 1 5 107-1-2 

106 + 2.5 

110 + 3 


299 

~ 

655 + 7 654+8 

065 + 15 

650+0 



1572 

1190 + 49 

1240+52 — 

- 

- 

t 


1478 

2 00 + 0 05 

2 05 + 0 01 

- 

- 


191 

2.30+0 07 

2 20 J 0 01 2 22+0 04 

2 27 + 0 02 

- 

a 

M) 

O 


v 167 

- 

2.36+0.04 2.40+0 0 

2.40+0 0 


u 

TO 


173 

- 

— 2 61 + 0 02 

2.6 +0.01 

2.64+0 04 

>> 

a 


2091 

2 74 + 0 03 

2 72 + 0 06 2 77 + 0 02 

2.77 + 0.02 

2.8 + 0 0 

K 

0/ 

j Me 

267 

- 

7 4+0 1 7.5 + 0 08 

7.4+0.07 

7.5J 0 1 

o 

| sec 1 

1 793 

]1 6+0 2 

11. 3 + 0. 5 10.3 + 0 3 

10.6 + 0.1 

10.1+0.0 

0 

1 


2093 

14 2 + 0 3 

14 2+0 1 13 5 + 0 3 

13.7 + 0.4 

— 



1413 

15 7 + 0.2 

15.7+0 1 15 + 0.2 

14 9 + 0.3 

14.7 + 0.4 



2072 

25 HJ 0.2 

25 0 + 0 4 

26.0+0.0 

25.5 + 0.0 



2319 

27 1+0 3 

26.8 + 0 4 26.8 + 0 2 

26.8 + 0.2 

26.5 + 0.0 

Super 
hot. fro- 
quoncy 
motor 

Ke | 

HOC 

54 

672 + 50 

686+51 - - 



Wave 

meter 

Me 

] HOC* 

ml 

nil 

ml ml 

nil 

nil 
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nun. respectively. Thus with this arrangement we have lakeu three diodes 
(Hj v E s and E & ) and two triodcs {E x and J J 2 ) of different dimensions. The flat glass 
electrode tube consists of a pyrex glass tube with flat ends of diameter 50 mm. 
separated by a distance of 58 mm. This tube is held coaxially between two 
metallic discs of diameter 100 mm. The large diameter of the disc gives a uni- 
form electric field. In the ozoniser type discharge tube there are two test, tubes 
of pyrex glass fusod together at the necks, with a small gap of 4.1 mm. between 


TABLE IL 

Flat-glass electrode tube 


, 

Method 

| 

Ran go 

1 Total no. 
of roadmgy 
for each 
column 

| 

! air 

1 

i 

argon 

i 

' hydrogen 

1 


oxygen 

, 


Ko. i 

ins 

103±2 

1964-2 

' 105 ±3 


103±4 


HOC. 1 

m 

658 ±9 

654 ±5 

670±13 


656 ±7 

t 


ISO 

2.J4±0.02 

2. 23 ±0.05 

2 10±0 02 

2.24±0.09 

4 

Qj 


190 

2 6d.-0.01 

2 61±0.02 

2.56±0.06 

2 63 ± 0 . 02 

tic 


185 

2 8010.02 

2 7M±0.08 

2. 79 ±0.01 

2. 79±0. 02 

o 

i 

162 

3 1±0 03 

3 . 1 ± 0 0 

3.1 ±0.0 


3 . 1 ± 0 05 

X 

X 

Mo. i 

sec. 1 

175 

7 50±0.14 

7 50±0 05 

7.47±0 05 

7.42±0.05 

a, 

o 

194 

10 7 rl~0 4 

10 0±0.3 

J1.0±0 6 

1L0±0.2 

cC 

u 

! 

206 

14 0±0 2 

13 75±0. 25 

14 1 ±0 . 3 

13 9±0 23 

1 


182 

15.0±0 6 

14. K±0.2 

15 . 3±0 . 5 

15.0±0.2 



228 

26.0±0.17 

26 .0±0. 1 

26.0±0 1 

26.0±0 2 


! 

199 

27.0±0.2 

27.0d;0.0 

27.0±0.0 

27 0±0.0 

Super Jiet 
frequency 
mebei 

Kc 

see. 

i 

29 

6704-o3 

668 -|- 45 



- 

Wave 

mebor 

Me. 

sec 

nil 

ml 

ml 

njl 


nil 


them. The internal surface of the smaller tube and the external surface of the 
logger tube act as glass electrodes with an area of about 1000 sq. cm. In order 
to feed electric potential to this tube, the internal tube is filled with acidulated 
water, in which the H.T. terminal from a transformer is immersed The L. T. 
terminal is prepared by immersing the m hole assembly in a glass vessel contain- 
ing acidulated water. 

The supply of the electrical energy is taken from a commercial A.O. point 
of 280 volts and 50 o/s frequency. We have used two H.T. transformers of output 
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Ob 

TAIiliK Ml 
Ozonisri type tube 


Mol had 

, 1 lunge 

Total no. 

| of mulingN 
! foi cadi 
( olumn 

air 

1 argon 


hydrogen 

1 

] oxygon 

1 



| 1 95 

714JJ4 

714+15 


717+15 

707 + 8 


1 Ko. 

ISI 

901 J.10 

953+7 


952 + 9 

955+- 11 


; sir. 

lift 

1025 J_ 25 

1020+34 

1040 + 7 

1040 + 30 


; 

1 

109 

2 04 J_0 05 

2.04+0.01 

2.02 + 0.02 

2 01+0.01 

I 


i mi 

2 23+0 0J 

2 30+0.02 

2.24+0.1 

2.34 + 0.1 

b 


7J 

2 70-1.0 08 

2. 8+0.0 


2.8 + 0 0 

— 

£ 

■ i 

i I 

\r>:\ 

3 1 4 0 1 

3.2 + 0 2 

3 134-0.05 

3 17+0,05 

c 

i Mo. j 

. 

IH7 

7 5 + 0 10 

7 5 + 0 1 


7 5 + 0.1 

7. 6 + 0. 2 

pS 

HOC. 

11)2 

10 6+0 8 

10 64 0.6 

10 6 + 0.1 

10.6 + 0.05 

T3 

O 

■ 1 

! 1 

J ill 

14. I-| 0 1 

14 0 +.0 02 

14 0-[ 0.1 

14 0+0 0 

cS 

U 

X 

i 

15)3 

15 3 + 0 3 

15 5 + 0.6 

15 3+0 2 

15 14-0 1 


209 

26 5 + 0 5 

26 24-0 2 

26.1 + 0.2 

26.0 + 0.0 



174 

27 2+0 2 

27.0 L0 0 

27 0 + 0.0 

26.754 0.25 

Snjioi hot 
frequency 
motor 

Kc 

SCO. 

20 

680 j 56 

- 


— 

680+53 1 

WftVO 

Motor 

Me. 

rto( 

59 

1 5 + 0 7 

i n i o.s 

1 

42 + 0.5) 

1.42 + 0.8 


40 K.V and -JKV. In l lie external circuit two carbon resistances of values 
!) megohms aiirl 2 megohms are alternately employed. 

Our experiments consisted of measurements ol current and frequency. The 
currents were measured bv rectifying the fall of potential across the series resis- 
tance with the help of a triad e 30 used as a diode. The rectified current was mea- 
sured by a mirror galvanometer The observations were taken in air, hydrogen, 
oxygen, commricial argon and mercury vapour The gas pressures were varied 
from 0,01 mm to 750 mm. 

It was observed from the current oscillogram that the high frequency streaks 
ucic very prominent m the cases of the tbit glass electrode discharge tube and the 
ozomser t ype discharge tube. In the case of the internal elect rode tube the streaks 
woie less conspicuous. In the use of an absorption wavemeter, it was observed 
that the readings were possible only for the ozoniser type discharge tube, while 
foi the lcmaming tubes, radiations were too weak t-o energize the wavemeter. 
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OBSERVATIONS 

Thc obBenratione may be divided into two parts, the current measurement 
and the frequency measurements, 

1. Current Measurements ; Typical graphs of mean discharge current for 
the internal electrode tube, plotted in microamperes, versus E/P in volts/ cm /mm 
Hg, are shown in figure 4. For the E positions, thc graphs are like those for a 



Fin. 4, (Ton out graphs for the uitnmal electrode tube E { E» and ft, arc tho graphs for the 
diode post ions while l\ und 7\ arc the graphs of thc grid currents in the tnode 
positions of thc tube. 

gas-filled diode, and lor the P positions like those of grid current versus amide 
potential for gas-filled triodes. In the remaining tubes the electrode also act like 
the, electrodes of a diode and the current against EjP curves are also similar to 
those of a gas-lillcd diodes. Our graphs are like those for multigrid tubes oberved 
by iimeloiis and others (1951) who iound that the torin ol thc graphs was indepon: 
dent* of noise level of disturbances. Our graphs, likewise, do not show any 
obvious effect due to intensity and frequencies of thc electrical oscillations. 

2. Frequency Measurements: The main result obtained has been that the 
troquencies observed cluster round certain values, by whichever methods they 
were measured, and whichever tubes and discharge parameters were employed, 
fhe megacycle oscillations only appear prominently, however, at the high 
pressures, and for these the individual band-w filths were greater than for the lower 
frequency oscillations. The frequency readings are summarised in Tables 1, II 
and III. 

J t is natural t o suspect that some of the observed frequencies could be produced 
^ external circuit of the discharge tube. We have, however, varied the circuit 
inductances and resistances very widely without effect on our results, whilst 
the capacities of the tube are different. We are therefore led to the conclusion 
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that the discrete frequencies observed are peculiar property of the discharge 
under consideration 


A (J KNO W L E U G M E N T 

The aulhor wishes to acknowledge his grateful thanks to Prof. K. H, J.lixit, 
formerly Head off his Department and now Principal of Gujarat College, Ahmeda- 
bad foi suggesLmg the problem and for valuable guidance throughout the work. 
He also thanks Prof. K. G RmeJeus, Queen’s University, Belfast for valuable 
suggestions 


K K K WHEN (1 E S 


Einolnus, K G., N-cnJJ. T II. Armstrong, K. 1951, p,oi Kot/ul. Jnah. Acad., 54A, No. 
IK, 291. 

.loflhi, b 1 . M , 1945, Own, ticiencr, 14, (17. 

KliHHtgir and Sctty, J 952, Cun, Science, 21, 197 

KhasLgn- mid Molly, 1953, Proc. Nut. Inst tici. (India). 19, No. 5, 931. 

Kliastgir md So tty, 1953, tin nice and Outline , 18, 435, 

Khastgir nd Snvastuvu, 1954, Proc Naf.Inst tici. (lndui)22, No 3 290 
Tiwnn, S N., 1948, Ind. ,7. Phtjs. 22, 553 

von EngeJ, A. and I lames, W.L.. 1951, Pioc. Phy*. tivt . (London) B64, 916. 



8 


INVESTIGATION OF DISCRETE SOURCES OF RADIATION 
FROM SOLAR ECLIPSE OBSERVATIONS 

(Mrs.) NIL1MA MITRA 
All India Radio, New Delhi 
{Received for publication June 30, 1950) 

ABSTRACT. Ionospheric observations during Iho partial solar eclipse (89 5%) of 20tli 
.July. 1944 have been critically examined in order to del ermine whotlier the reduction of lon- 
donsity of the E luyoi with the progress of the eclipse follows Chapman's theory of layer-for- 
mation based on a homogeneous distribution of radiation ac-ioss the solar disc. The observed 
time- difference of 10 minutos between the maximum of the eclipse and the minrnium of the 
ion-density gives the valuo of effective rocombination coefficient us a — . 56 X 10 " H by employ- 
ing Appleton's ‘sluggishness” formula, a is also calculated fiom the vunution of N e around 
local noon during the control jienod, which gives a as 55 X 1 ()-**. The variation of the ob- 
served and computod values of J, the ion-pi oduction function, indicates that there muBt 
hu vo boon some discrete souices of radiation on the oast, limb of the sun causing the asymme- 
try in the variation of N e with the pi ogress of the eclipse Various models of the sun are 
then ubsumod from known vaiiatinns of the obscuration functions of the disc and limb and 
the valuos of J calculated for diiforont values of contributions from the east and west limbs 
el the sun. By a series of trials, a suitable model is worked out which fits well with tho ob- 
served vaiiution of J. This model, whon compared with the sun-chart of tho eclipse day, 
is found to bo u representative one Thoro wore some prominences of the oast limb which 
were possibly causing extra ionisation of the E layer before the maximum of the eclipse. 
Tins indicates tliut, in addition to a homogeneous distribution of radiation aoross the solar 
disc, discrete sources on the limb play an important part, m causing the ionisation of the E 
layer. 


1. INTRODUCTION 

Ohapman’H theory of formation of ionospheric layers assumes a homo- 
geneous distribution of ionising radiation across the solar disc. This theory 
has been found to generally agree with observations specially for the E and F T 
layers. However, critical examination of the changes in ionisation density during 
the progress of a solar eclipse has often indicated that discrete sources of radia- 
tion on the solar disc produce considerable effect on the ionosphere (Wilkes, 1937, 
Mitra, 1953; Minnis, 1955). In the present paper one such observation during 
the partial solar eclipse of 20th July, .1944 (Baral and Mitra, 1944-45) has been 
examined m detail. It is shown that radiation from discrete sources on the solar 
disc was playing an important part in the production of the E layer. We have 
selected ionospheric investigations during this particular eclipse, since 1944 w 7 as 
the year of minimum solar activity. One would, therefore, expect few discrete 
sources on the sun. Even then >ve have found that the density of ionisation in 
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tl,e 15 layer wa> intlnencod by radiations coming from a few discrete sources from 
an apparently undisturbed huh. 

Th« observation of inhomogeneous radiation causing ionisation of the E 
layei is of importance siuoo the hitherto known theories assume the production 
of the K layer by a homogeneous distribution of radiation across the solar disc. 
K layer is also known to behave in a regular manner although there are quite a 
Am phenomena like E„ E a etc., which are not yet- completely understood. It 
is felt tlml any observed irregularity in the E layer and a possible explanation 
of its origin w ill be of help in understanding the behaviour of the region as a whole 

Another important feature of the analysis is the determination of the effective 
recombination coefficient iu the E layei 1 of the ionosphere from the reduction of 
the ionisation density during the progress of the eclipse. Similar attempts in the 
past have indicated that a is of the order of 10~ 8 cm a /soe. Our investigation has 
revealed that a value of a of about G\ I0~ 8 cm 3 /soc fits in fairly accurately with 
the observations. 

2. EXP EK1MENTAL RESULTS 

ft has been mentioned m section 1 that the experimental observations during 
the eclipse of 20th July, 1944 have been utilised in the present investigation. 
The experimental procedure and the results obtained arc briefly described below 

The ionospheric observations were made at the University College of Science . 
Calcutta (Lai. 22°33' N, Long. 88°22' E). The circumstances of the eclipse 
are given in Table 1. 

0 

TABLE 1 

Circumstances of the eclipse of 20th duty, 1944 at Calcutta 

Eclipse starts 0923 L.M.T. 

Eclipse maximum 1113 L.M.T, 

Eclipse ends J 303 L.M.T. 

Magnitude 89.5% 

Observations of the cirtical frequency of E and F ? layers were made during 
the progress of the eclipse The measurements were started one hour before 
the commencement of the eclipse and were continued at intervals of 20 minute 
upto one hour after the eclipse w r as over The observations w r ere made in on 
0 equenUy about the middle of the eclipse, Measurements were also mad< 

J davs before the eclipse and 3 days after it during the same local hour 
to check the average condition of the ionosphere. Figure J depicts th 
changes m the ionisation density [fJS 1 ) of the E layer on the eclipse day an 
during the control period. The same figure also Bhows the percentage obscur 
timi of the solar disc with the progress of the eclipse. Tt would be noted from Hi 
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timire that there was an appreciable reduction in the ionisation density of the E 
layer on the eclipse day. The minimum oi ionisation waB attained about 10 
minutes after the maximum of the eclipse. We shall utilise the above observa- 
tions in our further investigations. 



l»'ig. ) . Variation of E -layer ion- density during solar eclipse of 20th July, 1944. '©.Eclipse 
Day. o — o — o Control period. — - Percentage obscuration of solar disc. 


3. ANALYSTS OF OBSERVATIONS 
(a) Control Period 

The observations during the control period provide an approximate check 
whether Chapman’s theory of layer formation was generally obeyed. Ac- 
ording to this theory the ions and electrons produced by solar radiation disappear 
l»y recombination. There may be different processes by which recombination 
{takes place Taking a as the recombination coefficient giving the resultant 
jjeffect of all the processes, we can write 

= ,-aAV U) 

[diere a is the effective recombination coefficient, 

is the number density of electrons (ions) at any instant at any 
particular height, 

q is the rate of ion production , 
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Under equilibrium conditions i.e. at midday, 

=0 

di 

and V — a ^ T f 3 ■ ••• (2) 

Now ff = /Vo ( Mx)l IJ °*F 1 ■ ■ ■ (3) 

where ji is the jimnher of ions produced by absorption of unit quantity of radiation, 
/ is the intensity of radiation before it enters the atmosphere, 

CJi(a') is the Chapman function for solar zenith angle y, 

H is the scale height. 

Ch(y') is equal to eos y for y 85° 
or, 

N c — Const, (cosy)* ... (4) 

In order to verify Ike above relation, the observed value of N e (figure 1) and 
of eos (y) have bven plotted in a logarithmic scale m figure 2. The slope of the 
straight line gives the value of the exponent of eos y' This exponent comes out 
to be .5-1 from figure 2 which is in fairly good agreement with the theoretical 
value of .5 



Fifr. 2. Variation of E -lay or ion-density with solar zenith angle (Control period) 

(b) Evaluation oj the Recombination Coefficient 

The observations (luring the eclipse can he utilised in different ways for deter- 
' g a in tin L layej. I he simplest method is from the ‘sluggishness effort 
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(Appleton 1953) in which there should be a time-lag between the maximum of 
ion production and the maximum of the ionisation density. Applying this prin- 
ciple to the case of eclipse observation one should expect a time-difference 
between the maximum of the eclipse and the minimum of the ionisation density 
Some workers in the past have observed such time-lags but attempts to evaluate 
the recombination coefficient were not made since the principle was not known 
at the time In our observations we have observed a time -difference of 10 
minutes. 

LTsing the familiar relation 


a comes out to he .56 x 10 8 om 3 /sec and is in fairly good agreement with the 
generally accepted value of a in the E layer 

We shall now proceed to determine a by other methods from our obser- 
vations 

It is possible to evaluate a from the measurements carried out during 
the control period. In figure 1 we have selected two points A and B equally 
spaced around noon from the diurnal variation of the ionisation density. As- 
suming the values of a and q to be the same at A and B . 


I 

<1a = <7u * - 



( 6 ) 


Taking similar points at equal distances at an interval of 15 minutes around 
noon a scries of values of q arc found out. These values have been plotted against 
the spaemgs around noon and q at midday determined by extrapolation. These 
values can be taken as </ 0 , the maximum rate of ion production. In the present, 
ease r/ n comes out to be 405 ions/cc/sec. From equation (2), i.e. under equilibrium 
condition and putting </„ as 405, a comes out to be .55 x 10 -8 cm 3 /see. This value 
of a is in very good agreement with that determined from the ‘sluggishness effect’ 
ol during the eclipse can be determined from the reduction of the ionisation den- 
sity in the following way. If the fraction of the disc exposed is given by A at 
any instant and ;y, the solar zenith angle, then the rate of electron decay is given 
by 

d j* — Aq Q cob x ~ ( 7 ) 

dN e . 

\li known from the measurements shown in figure I . A is known from the 
‘Uaracteristics of the eclipse Similarly, and cos X are also known. 
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We have thus calculated N% by assuming different values of a. Then a 
series of curves were drawn showing the variation of N e with time for diffeNtat 
values of a. These curves were compared with observed variation as could be 
seen in figure 3. The curve that fits best the observed variation of N c gives the 



fig. 3. Comparison between, observed values of i£-luyer ion-density and those calculated 
theorotically assuming uniformly radiating disc. 

value of a for the E layer. It would be seen from figure 3 that the theoretical 
curves do not agree with observed variation but the curves with a = .65 X 10“ 8 
and a = .56 x 10~ B appear to be the nearest approach. There is considerable 
asymmetry between the observed and calculated variations during the first half of 
the eclipse. The reduction in ionisation density was much too slow and gradual 
in the first half compared to that after the maximum of the eclipse. This clearly 
indicates that the distribution of radiation is not homogeneous across the solar disc 
and the asymmetry is probably due to some discrete sources of ionising radiation 
on the sun which were left exposed during the first half of the eclipse and occulted 
after the maximum of the eclipse We shall deal with thiB point more fully in the 
next section. 
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4. NON-HOMO GENEOUB DISTRIBUTION OF SOLAR 
RADIATION 

We have seen from figure 3 that with a value of ol = .56 x 10”“ the theoretical 
curve of N e gives an asymmetry in the first half of the eclipse. It fits fairly well 
with the other half. If a is dependent upon pressure and temperature it is 
unlikely that it will vary during the progress of the eclipse and the asymmetry 
from the beginning till the maximum of the eclipse is most probably due to some 
discrete sources of radiation which were left unobscured in the beginning but 
became occulted later during the eclipse. This can also be proved in the follow- 
ing way. 

We write from equation (1) 

d -£* = Aq a Ch( x )-ccN* ... (8 ) 

where A is the fraction of the solar disc unobscured. 

< 7 „ is the maximum value of q. 



Fig. 4. Variation ot J with unobscured area of solar disc 
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Ch(ft) ia the Chapman function which can be written as oos x for A' C 85 y . 
Therefore, 


A,h - -1 =(jv, s -|- -^ e )seo x ■■■ (9) 

J can be appropriately called the function for ion production. We have, evaluated 
J every 10 minutes from our experimental Jesuits assuming a = .56 X I0 _B . The 
values of J in units of 10 8 (olectrons/oe) have been plotted in figure 4 against the 
percentage area of the unobscured disc 

If the ionisation in the E layer were caused by uniform radiation coming 
from different parts of the solar disc one would expect that the values ol J would 
be the same at intervals equally spaced around the maximum of the eclipse and 



Fig. fi. Obscuration function of disc and limb. 

figure 4 should become a straight line The circumstances of the eclipse indicated 
that the Avest limb of the sun was largely obscured before the maximum of the 
eclipse while the east limb was left, exposed. This relation Avas reversed after 
the maximum of the eclipse. Figure 4 indicates that there must have been in- 
tense local sources on the east limb of the sun AA r hich gave higher A r allies of J before 
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the maximum of the eclipse than after it. These radiations were stronger than 
the corresponding ones in the west limb. 

We shall now analyse our observations further with a view to obtaining 
,i variation of J whioh would fit the observed values (figure 3). We shall evaluate 
, separately the contributions to J due to uniform disc, and the limb and those due 
to discrete radiations from the limb We shall then attempt to determinea 
model of the sun which would explain the observed variations. This model will 
ln> compared with known prominences on the limb and also with the ?7a-dark 
markings which were prominencies projected on the disc. 

The obscuration functions of the disc and the limb are plotted in figure 5. 
Figure 6 indicates the progress of the eclipse at different selected times. The ion- 
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Fifi. 6. Appearance of the sun during the progress of the solar eclipse of July 20, 1944, 
at Calcutta. 

production function J can be written as J 0 — J n -\~J r in the absence of contribu- 
tions from the limbs. J D is the contribution due to the disc and J that due to the 
3 
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limb. It would be seen from figure 4 that our observed value of the maximum 
of J i.e. J 0 is about 630 and J R which is given by the minimum value of J is about 
290. Had the eclipse been total J R would have been zero. We have seen 
that discrete sources on the east limb were giving higher values of ,J 
before the maximum of the eclipse than during the Jater period. These extra 
radiations were also contributing to the total value of J 0 , Denoting J E and J w 
as contributions from the east and ivest limbs respectively, figure 4 indicates that 
J E —J\ V \a of the order of 30. This value is, however, only for a = .56 x I0~ B . 
If we lake some other value of x then J E — J w "ill be different indicating its 
dependence upon oc alone. 

Now, if the sun were radiating uniformly, the value of J 0 ( - J B -|- J 1{ ) would 
have been somewhat lower than that found from figure 4, i e. 630. An approxi- 
mate estimate of this quantity under the condition of a homogeneous distribu- 
tion of radiation can be obtained by averaging the observed values of J n and 
J It . Tli is comes out to be 460. One should add to tins quantity the extra con- 
tributidns from the limbs in order to obtain the values of J 0 under actual circums- 
tances. Thus 


, 7 (| __ | J E \ J 

Taking 7 0 as 630, J D -\ J l{ as 460 and J x —J n as 30, wo have calculated a series 
of values of J 0 at different instants for different, independent values of J D . 
J u J E and J w assuming different models. 

Table II below givos some models for calculating J consistent with the 
above i cpresentative values. 


TABLE II 


Models 

for 

J, a 

to 

o 

II 

X 10- 9 



' f D 

Jj? 

J E 

J w 

Jo 

Model L 

300 

160 

100 

70 

630 

Model II 

400 

60 

100 

70 

630 

Model 111 

350 

no 

100 

70 

630 


From the above models, the values of J n and J R at different instants of time 
were calculated from ligure 5. We have not studied the variation of J E and 
J w independently with time since J E — J w is a function of a alone. The values 
of Jo at different, times were next evaluated A series of curves wore plotted with 
the above models showing the variation of J with time, That model which 
best fits the observed values of J was considered to be representative of the con- 
tributions coming from the suu and responsible for production of the E layer. 
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Figure 7 shows the variation of J with time as observed and as computed from 
model T It would be seen from tins figure that the model I gives a very good 
agreement between the observed and computed values and can be taken as re- 
presentative of the discrete sources of radiation coining from the sun as assumed 
in constructing the model. 



Pig. 7. Vnriution of J with iimo for E layoi o o o obHervod voluos of «/. — • Compulod 
from mortal. 

We next turn to a discussion of the model considered for representing the ob- 
served variation of J. Our model has been based on the assumption of some 
discrete sources of radiation from the east limb of the sun which, by their obscura- 
tion only during the second part of the eclipse, were giving rise to an asymmetry 
in the value of JV e and . 7. 

Figure 8 shows a Sun-chart, prepared for July 20, 1944 containing the ske- 
tches of the prominences on the limb and also the Hoc dark markings. Since 
1944 was the year of minimum solar activity the sun was comparatively free 
from a great many prominences. The position of the observed prominences 
can be read off the chart in t erms of the position angles or latitudes and longi- 
tudes as one desires A weak sunspot group was present on the disc near the west 
limb (Lat. 25°20'S, Long. 60°E) but it appeared at about 180OL.M.T. long after 
the eclipse was over. The relevant details of the spot group taken from Green- 
wich and Zurich records are entered on the same figure. Records of Kodaikana], 
Greenwich and Zurich observatories do not show that any flare occurred on the 
visible hemisphere. 
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It would be bdbti from figure 8 that there were some prominences on the east 
limb of tho sun between 15° and 45°N. As we shall presently see, these promi- 
nences were mainly responsible for the observed asymmetry in the variation of 



Pig. 8. Sun chart 

Greenwich area of umbra = 3 , Millionths of Sun’s visible 

” ” " whole spot = 12 | hemisphere. 

the ionisation density ol‘ the E layer during the progress of the eclipse. A refer- 
ence to figure (> would indicate that the portion of the east limb where these 
prominences appeared was left uncovered from the beginning to the maximum 
of the eclipse. The intense radiation from these sources was, therefore, coming 
till about 1124-Iv.M.T and thereby causing extra ionisation in the E layer during 
this period. Had these sources been absent there would have been a more rapid 
reduction m the ionisation density of the E layer as more and more area of the sun 
was being obscured with the progress of the eclipse. The variation of N e would, 
therefore, have agreed with one of the theoretical curves in figure 3 "depending 
upon the value ol a, As a result of extra ionising radiation from these sources 
the reduction of N e became more gradual from the beginning till the maximum 
of the eclipse and its value at any instant higher than the one theoretically cal- 
culated. 

After the maximum of tho eclipse, the east limb of the sun began 
to be obscured and the west limb slowly exposed. The prominences 
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on the east limb were mostly obscured between 1124 and 1224 L.M.T. 
The rise in the ionisation density of the E layer during this part 
of the eclipse was, therefore, ' due to a uniform radiation from the solar 
disc and the variation of N e fits in fairly closely with the theoretical curves as 
could bo seen from figure 3. The slight departure from the theoretical variation 
may be due to the contribution from some minor prominences as could be seen 
from figure 8. 

The close agreement between the observed and calculated values of J (figure 
7) based on a suitable model of the sun, where the contributions from the disc 
and the limbs were separately considered, encourages us to believe that in addi- 
tion to the homogeneous distribution of radiation across the solar disc discrete 
sources on the limb play an important part in causing the ionisation of the E 
layer. Such asymmetries, if observed, in the variation of the ionisation density 
of the E layer (figure 3) during the progress of any eclipse can, therefore, be ex- 
plained in terms of extra ionising radiation from discrete sources on the sun. 

S U M M A K Y A N D c O N 0 LUHION 

The results obtained m the present investigation can be summarised as fol- 
lows 

The value of the effective recombination coefficient in the E layer found by 
different methods from the experimental data on solar eclipse of 20th July, 1944 
is of the order of .56 X 10~ 8 om 3 /sec. 

The E layer is generally found to follow Chapman’s theory where, the source 
of ionising radiation is assumed to bo homogeneously distributed across the solar 
disc, This lias also been borne out from the measurements during the control 
period. But while considering the observations of the reduction in the ionisation 
density with the progress of the eclipse it is found that there is a remarkable 
asymmetry in the variation of the ion -production function This can be attributed 
to ladiation from discrete sources on the sun Taking the contributions from the 
disc and limb separately, it is found that J E is greater than J w . It is also seen 
Ironi the sun-chart that there were some prominences on the east limb The 
asymmetry in the series of curves giving the variation of N e with time for 
different, values of a is maximum between 1030 and 1 130 L.M.T The progress of 
I he eclipse together with the sun-chart indicates that during this time the 
prominences on t he east hmb were left exposed. The radiation from these sources 
in quite likely to produce appreciable ionisation of the E layer. Tn model I, 
100, J w — 70, and a ~ .56 X 10" B . The values of J computed from this model 
are found to agree fairly well with the observed variations i the ion-production 
function. 

It is possible to have an approximate idea of the recombination process in the 
E layer from the value of a. For radiative recombination, a is of the order of 



82 


Nilima Mitra 


10” ia em 3 /see (pressure taken as 10“ 3 mm). For dielectronie recombination process, 
a is also of the order of 10 -u cm a /sec If the recombination is by the process 
of mutual neutralisation then a is of the order of 1()“ 7 cm 3 /scc. But for dis- 
sociative recombination aa 10 _e cm 3 /sec. Our value of a is .56xlO -H and there- 
fore, the process of dissociative recombination is indicated. 
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ABSTRACT. A throw stage oscillator is described hoie which has boon devolopod on 
llin principle of asymmetrical thioe phase oscillatoi. Liko a conventional system, only three 
stages are used here, each of which produces a phase shift, but unlike it, only one stage is 
used as an amplifier to produce the loop gam required by tho system to oscillate The 
|K'i , IormiiiiL , (‘ of this oscillator has boon found to be more uniform and the adjustment less 
critical for optimum operating condition, unlike tho other types of ItC oscillatoi Oseillu- 
turns ot quite good waveform have been obtained over a Irequency range ol few hundred 
cycles to few tons of megacycles. 

fins system has been investigated Jrom the point ol view ol producing Miry wide 
hequoucy deviation with uniformity of performance over a wide frequency lunge The 
i auditions foi linearity and freedom from amplitude modulation have also boon derived for 
different opoiutmg conditions. A maximum frequent y deviation of about four to one has 
been .icluuml over a frequency lunge of few Ke/s to lew Mr/s without necessitating any 
adjustments other than tho lumng capaeitancus 

INTRODUCTION 

The principle of asymmetrical three phase os< illatoi (Kundu, 11)55) was 
already described and its Imparity ol frequency deviation with the mutual conduc- 
t a nee of tho modulator tubes was shown to point out its comparative suitabi- 
lity as a frequency modulated source In a recent communication (Kundu, 195(5) 
it was also shown that the overall performance may be greatly improved by 
modifying the system in such a way that the loop gain of the oscillator is less de- 
pendent on the frequency selective elements. The present paper givcN full 
details of the work. 

The need of a wide deviablc source is felt over a frequency spectrum from very 
low to very high frequencies m the diverse fields of applications of frequency 
modulation. In sub-carrier current communication a maximum linear frequency 
deviation of about 40% of the mean carrier is required over a frequency range 
of lew Ke/s to few hundred Iv c/s. The requirement is, however, much less in 
f M broadcasting or in frequency shift telegraphy, but it is a few percent of the 
mean earner in V.H.F. in u Hi channel communication using F.M., in measur- 
ing apparatus for observing transmission frequency characteristics of a system 
uul also m telemetering systems lor guided missiles. A system would be more 
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useful for the above requirements if the modulation could be directly impressed 
anywhere in the frequency spectrum according to the different applications. 

The basic requirement for a system to be suitable for all the above applica- 
tions are met if the system is capable of wide frequency deviation having a uni- 
formity of operation over a frequency spectrum from very low to very high fre- 
quencies. 

The performance of the asymmetrical oscillator (figure 1 ) described previ- 
ously falls short of the above requirements due to the fact that the frequency 



variation necessitated a corresponding variation of the anode loads of the two 
stages. As a result, the loop gain is subjected to wide variation as can be seen 
from the equation (6iii) of the paper (loc cit) given as 


gJR i 3 

where = effective anode load and << H 2 . and the optimum operat- 
ing condition, which L, is rather critical, is thereby disturbed In order to elimi- 
nate this difficulty, it is therefore necessary to use the frequency selective 
network in such a way that its variation has minimum effect on the loop gain of 
the system (Kundu, 1951). The two anode loads were therefore connected to 
the cathodes of the two amplifier stages. Like a conventional three phase 
system, only three stages are used here, each of which produces a phase shift, 
but unlike it, only one of the stages is an amplifier which produces the necessary 
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gain. Here an inherent asymmetry is introduced by the amplifier stage while 
the phase shift due to the load of each of the stages may be similar or otherwise 
as the case may be. 

The performance of this oscillator has been found to be more uniform and the 
adjustment much lass critical for optimum operation unlike the other types of 
RG oscillators. A maximum frequency deviation of about 4 : 1 has been obtained 
over a frequency range of few Kc/s to few Mc/b simply by vaying the grid bias 
of the cathode follower stages. The variation of frequency is quite linear over 
a range required for the applications mentioned above. The lower frequency of 
operation is limited due to the unwanted phase shift and attenuation introduced 
by the coupling, decoupling and the powei supply-capacitances, while the dissi- 
milar stray capacitance effect across the load resistances and the grid cathode 
capacitances of each stage affects the performance at the h.f. range. 

Tins system may be compared with that developed by Ames (1949) modi- 
fying a phase shift oscillator (Hollingsworth, 1941) having replaced the resis- 
tances of the RC ladder networks with the output impedances of cathode follower 
stages. There a frequency deviation of about ouc octave has been reported 
nsLiig about S to JO tubes to obtain optimum performance. The present system 
is basically a 3-phase oscillator and is capable of producing wider frequency devia- 
tion with uniformity of performance over the If to r.f. range. With proper 
asymmetry in the phase shift produced by one of the stages compared to the two 
similar stages, higher linearity m frequency deviation may be obtained over wider 
range. A further advantage lies in the simjilieily of technique and in the economy 
of components. 



4 


Fig, 2. Modified asymmetrical 3-phase system. 
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A basic design principle is presented here from an analytical point of view, 
The condition for linearity and frocdom from spurious amplitude modulation have 
been discussed so that the components may be selected properly to obtain most 
satisfactory results. Experimental curves are also drawn to corroborate the 
tl i eoretical cone I visions 


THMOKET1CA L UONSJ D K Li ATJONS 

The complete oscillator is illustrated in the figure 2. The gam of each of the 
cathode follower stages is given by (Eq. ft A. a ppendix) 




1 -f 
fl d - 


where 


and 


„ , 1 , 1 
6 — f/m ' + p 

y V x ** L 


<’ - o,+c f 


and that of the amplifier is 


ymjl*, 

1 I 'fiejt* 


Hence the loop gain ol the system is given by 


A - A? A 3 


( 1 ) 


... ( 2 ) 

... (3) 


In deriving the equation lor the gain A, the input impedances of the two cathode 
follow er stages have been assumed to be very high. 

The input admittance of the cathode follower stage is 

r* - "i+> 0 ' - < 4i > 


whore Ri = inimt resistance 

— input capacitance 


The values are given by (appendix eqn. 12A & 13A) 


and 


_ _ _ i + 

~9mAl C \ 

r = c a a 1 + 9 m , £ i+“ ac > s ^ a 

' (1 +9 mi X l )*+“*Ci‘E* 


- ... (4ii) 


(4iii) 


Tho values of the input resistance and the capacitance arc not constant hut 
depone! on the circuit parameter* and also ou the frequency. The above 
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equation for gain A is then valid 00 long as the shunting effect of the input nega- 
tive resistance of the cathode follower is negligible, the input capacity being 
accounted for by the shunting capacity of the load. Besides, an assumption lias 
also been made that the voltage developed across the cathode follower load is 
fed back between grid and cathode, in other words, the grid cathode impedance 
is very high. 

Under those conditions the complex gain of the system is given by : 



A - 


!?« 2 K 2 [fe*,*- “ 3 C t a ) + C',,] 


(5i 
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Asssuming that 


« 1 


the equation is reduced to 



88 


P. Kundu 


Then the frequency of oscillation is given by 


o> 



_2<7_ 

G^GR 2 


(6) 


The gain required for maintenance of' oscillations at this frequency should be 
(from equation 5 iv) 


A gm * Rl + 2GRJCJC + 20/C 2 GK 2 j (7 ° 

When g rrll ~ (7 and C 2 — C 

^ - g m2 R 2 1 o . (7ii) 

(7 2 (4 -|- 2g„, ^i)+ — - r. 


Conditions for oscillations as given in the equation (G) & (7) arc of similar nature 
as those obtained previously for figure 1. But the mam poml of difference here 
is that the effect on the loop gain due to the variation of frequency with g ml is 
considerably less, and may be negligible over a certain range as is seen from the 
equation. Amplitude of osc illations, howevei , remains constant \\hen frequency 
is varied by varying 0 and C 2 so that GJC a]\\ ays remains constant 

The above equations arc, however, restricted by the condition that the fre- 
quency of oscillation « must be << g m JC ff 


i e 


&«fl + 


— ) 


-i 


Hence G ff IC must be < < 1 when g m R 2 > > 1 

and CJC must be << when g m R 2 < < 1 

Under this condition all other assumptions made before are also satisfied simul- 
taneously 


OTHER MODE ~ 

As in all multiphase, oscillators, this synstera may also oscillate with more than 
one frequency. Here the intcrslage coupling network may produce the necessary 
phase lead for the system to oscillate at a different frequency similar to the phase 
shift type of oscillator (Ginzton, 1041), with the difference that the ladder network 
has been isolated from each other by the cathode follower stages as shown in the 
figure 3. 
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A^inniUL- that all the networks are of same value and have no loading effect 

,r;"vi L ***. <« "'-»» ? O’ ■ “ 

bt- maintained are respectively ‘liven by 


1 f/w-4^2 


•( 


9 Wi n 


and 


y/WA 


... (8i) 


(8ii) 


When the values of the C t U Q are different from one another, the attenuate he- 
comes more and the anode load needed for the oscillations is also more. 

performance of the system 
(?) As an Oscillator 1 

U has been observed that even when the mamtenanee eondition saOs ^ 
simultaneously for the above two eases, the high Irequcuoy mode -as m man ■ 
tainod over a range of critical maintenance condition. W.th the - 
loop gain, both the oscillations are generated simultaneously With h th« 
increase, the higher frequency mode is interrupted over a cycle of lower fijque > 
mode giving rise to similar type of oscillations as is found m the squcggmg 
L C oscillator. 

Suppression of the low frequency mode has, however, been comp'etelya^nred 
here, by wide separation of the two oscillating frequencies and by 80 T l°" t 
mg the successive coupling network that there is more attenuation and phase 
in one of the networks compared to the other two. 

When the low frequency mode is completely suppressed, this oscillator has 
been found to be capable of generating quite stable sinusoidal oscillations go 
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waveform over a frequency range of few hundred cycles to few tens of mega- 
cycles. The entire frequency range may bo covered in steps by changing the three 
capacitances simultaneously, and continuously varying the grid bias of the ca- 
thode follower stages. The range of variation may bo soon from the curves in 
figures 4 a,b. The frequency at the high frequency end may, however, be varied 



Klg 4a 
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continuously over a ratio of 10 : 1 by a three gang condenser. Jn order to main- 
lam a constant output for a continuous coverage of frequency, some form of gain 
stabilisation should be incorporated As regards the overall ratio of frequency 
variation in one set up, it may be pointed out that a maximum variation of about 
tour times may be obtained over a range of few Kc/s to few Mo/s. But the 
ratio decreases at higher frequencies. This is due to the fact that the stray capa- 
citances which are inherently present become increasingly important with the de- 
ciease of the shunting capacitances C\ and C 2 and affect the stages differently 
and thereby introduce more attenuation. At higher frequencies, however, the 
ratio majr be increased by increasing the loop gain, tlie resulting distortion being 
negligible due to the filtering action of the network. 

( 11 ) As a Deniable source 

The frequency deviation that may bo obtained in this system is considerably 
more than that is usually required for tlie diverse fields of applications of frequency 
modulation. Two important characteristics that, ought to be satisfied are, 
however, the linearity of modulation and freedom from spurious amplitude modula- 
tion, Tlie suitability of tins system lias, therefore, been studied from the point 
of view of the different conditions under which the above requirements may be 
['11 lid Jed. 

(a) Linen rih/ . 

In the present system, the frequency deviation is several times the mean 
i amor frequency and the limit of variation of <j mi R z is 1 > </ mi I{ 2 ^ 1 . The 
frequency variation with g nti is essentially non-lincai in the region r/ wtj jR 2 < 1 and 
is given by 

when (j mi ^ 0 and C — f 3 

The variation of/ vs g ml is, however, paraetice lly linear in the region when 
( 1m\R z > I and the frequency is given by : 



But the main requirement is to obtain a linear variation of frequency with the 
modulating voltage. The nature of variation of the (j ml ~ v g curve of the modu- 
lator tubes should then be according to the region of working as was pointed 
out earlier by Kundu (1955). 

In the region of non-linear relationship between / and ry Wi as in equation (9i), 
the linearity of frequency deviation with a modulating voltage may only be ob- 
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tamed if the non-lin cavities of the / vs gmi and vs v g curves cancel each other. 
But in the case when Qmjl* > 1 , the amplifier phase shift is maximum and 
is about 90° and it becomes independent of frequency, and the rate of change of 
phase shift of the cathode followers remains constant at the oscillating condition 
The *dope of frequency with modulating voltage should, tliere- 
Jore, remains constant so long as ~ v u is lineai as was shown in the case of 
figure l The modulatiug tubes in this case should then be so selected that there 
is a square-law relation between its plate cui rent and grid cathode voltage v (r 

Here then lies the advantage of the asymmetrical system in which frequency 
may be varied lineaily with g mi over a wide range. A further advantage of the 
present system compared to the one discussed previously, lies in the loss ampli- 
tude variation as may be seen from the equations hn loop gain of the two eases 
as well as less distortion due to the inherent degenerative feed-back in the cathode 
follower stages. 

A further possibility of maintaining linearity over a greatei range lies in 
maintaining the phase shift of all the three stages constant by maintaining 
constant. This necessitates R 2 to be varied m inverse proportion to gm t so that 
the frequency vanes linearly with gm } . But m the applications, as stated before, 
the required percentage deviation from the carrier is considerably less than what 
is obtainable here. It may therefore be preferable to work on the region where 
linearity is more conveniently obtained with minimum spurious amplitude 
modulation 

(b) Amplitude, modulation : 

From the equation (7ii) it may be seen that the loop amplification is maximum 
when gmjlz — — -5 1 i- c -< — 1 

gmiit, 

and is given by A = (lOi) 

o 

This is also the condition for minimum variation of gam with the variation ol 
gm l . In the case when 1 

A = i gm 1 gm 2 R 2 i 

and the gain should vary proportionately with gmj in this region. 

When g mi R„ 1 , A = f m -> ... (lOiii) 

zgm 2 

In this case of when gmjR 2 maintained constant, the amplitude variation with 
g mj can only be avoided if gm 2 (the mutual conductance of the amplifier) is 
varied proportionately with . 
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EXPERIMENTAL OBSERVATION 

Experimental curves are drawn to study the performance of the system 
under different conditions as discussed above. The first set of observations is 
made to study the nature of variation of frequency and amplitude as well as the 
range of deviation with the grid voltage variation of the two cathode follower 
stages over the frequency spectrum from few Kc/s to few Mc/s. The second 
observation is made to see the increase in deviation ratio at the h.f. range by 
increasing the loop gain. 

The last set of measurements is taken to see the nature of variation of fre- 
quency with the mutual conductance under truly asymmetrical condition of 

operation having 0 2 > G and g m > * 

TABLE 1 

0 Ci = AQlnF = .101a*F V lt V R = (Mb 

R g , = 500 Xl> Ro 3 = 800Xu P a = GAOl 

C e% = . 001 #*^ Ri = IKu 

Jig -= lOOAij 


1 , 

(a) 

a - c\ ^ .oiw 

Fig. 4a 


(b) 

O — C'a = 100 PF 

Fig. 4b 

1 


C = Oj — 25 PF 


2 

(») 

(b) 

R, — 2.2/fu 

li a = 15.2 Ku 

1’ig. 5 

3 


R 2 = 1 7 . 2If h ! 

C 2 = 10I\F 

Fig. 0 


DISCUSSION 

The experimental curves are shown to study the basic principle of operation 
of the system. The first set of curves (figures 4 a. and 46) shows the nature of 
variation of frequency and amplitude with the input voltage to the cathode 
followers in the region g^R^ > 1. The variation of frequency is seen to be practi- 
cally linear over a considerable range even including the region of non-linear rela- 
tionship between as given in equation (9i). This is because the non-lineari- 

Uey of the vs v 0 characteristic of 6J5 tubes and / vs v 0 of the equation 
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(9i) arc cancelling each other, as was also observed- by Itakshit ancl Sarkar (1950) 
in the case of a symmetrical system. A minimum variation in amplitude is also 
obtained from 2 to 2.8 Kc/s m figure 4 a and 1.8 to 2.6 Mc/s in figure 45 satisfying 
the condition for negligible spurious amplitude modulation as was discussed in 
the earlier section. 



Fig. 5 

In the siM-ond sel of curves it is soon that ill figure 5, curve (a) the overall 
frequency deviation is reduced when the physical capacitances are comparable 
to the stiay and interelectrode capacitances, which aie inherently present across 
each of the load aie not same, become of increasing importance with the reduc- 
tion of C t and C 2 . As a result, it affects the stages differently and thereby intro- 
duces attenuation and the system fails to maintain oscillations at low values for 
f i m . The loop gam may, however, be increased by increasing the anode resistance 
Zi 2 to increase the range as is seen in curve (6) in figure. 5, 

Finally the effect of asymmetry may best be studied from the figure 6. 
Here the variation of frequency with g v1 is shown having no physical capaci Laces 
lor C\. The slight discrepancy in the expected linearity for the high values of 
f/w, may be due to the corresponding reduction of r p so that (j m ^ O. The varia- 
tion m amplitude, however, is much less than is expected from the equation anil 
tiny is due to the negative input resistance of the cathode follower stages at this 
frequency which increases the gain of the system . This property may then be 
utilised to avoid the amplitude variation in this region. 
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MUTUAL CONDUCTANCE IN 


Fip. 6. 

The above observations have been restricted by the condition w < < g m J(J a . 
In the present set up having (' f - 4 PF and with <j iu nun as 5mA/V, the minimum 
hequeney must be f mn c < 20 Mc/s The frequency limit may. however, be 
increased by selecting tubes with greater figure of merit 

OONCLUS [ON 

r Phe modified three phase asymmetrical system has been studied here analy- 
tically and experimental curves are also obtained which closely follow the theo- 
retical conclusions The performance of this system shows its comparative suit- 
ability as a very wide (leviable source from the point of view of linearity, free- 
dom from amplitude modulation and uniformity of operation over a wide fre- 
quency range The analysis of the system and the experimental investigations 
have been restricted within the assumption of very high input impedance of the 
cathode follower stages. Further work is on progress so as to utilise this 
negative resistance of a cathode follower as a load of an amplifier st age to deve- 
lop a deviable source. 
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APPENDIX 

The Response of the Cathode follower . 

A generalised treatment oi a cathode follower circuit is given by taking into 
consideration the different impedances so that the response inav then he deduced 
under any condition 

The equivalent circuit as shown in figure 7 a, with a source of signal e, having 
zero internal impedance. The assumption of zero source impedance is justifiable 
so long as the impedance remains so high that all the output voltage is fed back 
between the grid to cathode. The effect of finite input impedance, however, 
only modifies the input voltage e % which is the output voltage of the previous stage 
in this case. 

Applying Kirchoff s Jaws • (figures 7a, lb) 


H.T. 
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fli = + e o 

= e 0 +Vj, 

But f u — (*!+*■)% 


(1A) 

(2A) 


(3A) 


iSubstiiuting the values oi hi equation (2A) we get 

+ r pl z Q ) = ^ + r pM 

or K — e 0 )(// 4- r p lz g ) — e Q {i H r p /z k ) 

a __ / » + t pK . (4Aj 

e t {0 4- aO 4- **" l / z *^ 

I ii this particular caso 

z t = B,(l 4- jvCM and z, =■ 1 H»C, 
where C\ = effective capacity connected across the load. 

M 1 = resistance at the cathode 
C g =a grid to cathode capacity. 

Then 

, QmjJr j<°C, (5A) 

A = (?m7+ llr H +VRi)+ M c i + 
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or 


a _ 9mi+jt*C a 

Q+i*c, 

(«A) 

where 


(I — 


and 


(1 =: C A ~\-C 


Input Impedance, of the cathode, follower : 


From the figure lb 

: e ; = 

• (74) 

and 


pe 0 = V*+(h+*«)«* 

(8A) 



* - JA 

2 r p+*b 

(»A) 

Henee 

e t 

= v„ -1 

r p 'r z 1c 

(10A) 

Then 

if in 

= ii_ . ,/jrK 

(11A) 

Substituting 

the values of z k and z g , we get 




v _ ( 1 +^]/ r jj)+j ft)C 'A 

(J2A) 

which yields 


d _ _ l+!7m, ! /“ 2 C7 

9m%OJ 0\ 

(13A) 

Since 


CJC 1 and * gm^i > CJC 


and 

C 

1 '(i+^,A)>+. ! W 

(14A) 
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ULTRAVIOLET ABSORPTION SPECTRA OF A FEW 
DISUBSTITUTED BENZENES IN DIFFERENT 
STATES* 

S. K. SEN 

Optics Department, Indian Association for the Cultivation of (Science, 
-Tadavpur, Calcutta- 32 

{Received for publication October 1 , 1 0 / 30 ) 

ABSTRACT. The near ultraviolet absorption spectra of ynrlunetlioxy benzene, m- 
dit;hlurohen/,one and m-bromotoluono in the liquid and solid states at low toinporutures have 
been investigated and the results have been computed with those for the vapour state of the 
suhstanc-oH and also with those lor other suoh moloeulos. Absorption Hpoctru of p-dimethoxy 
bouzem* and m-broniotoluene m the vapour state have also been studied and tho bands have 
been analysed 

Two broad bands have been observed in t he spectrum due to liquid state of p-dimothoxy 
benzene with tho 0,0 band at 33309 oin -1 . The 0,0 band shifts by 334 cm -1 towards longer 
wavelengths with the change from vapour to liquid state The broad bands are replaced by 
eight sharper hands when tho liquid is solidified and kept at loom tempenituio, the 0,0 band 
being displaced furthoi by 437 cm -1 towards longor wavelengths. On cooling down the 
crystals to - lflO'C 1 the bands become sharper and two more bands appear, but, the position 
nl the 0,0 band ioniums unaltered. 

The spectrum due to liquid stale of -diehloroben/eno gives four broad bands, tho 0,0 
band being nt 35820 cm -1 It is displaced by 300 cm 1 lowards longer wavelengths with 
liquefaction of the vapour In the solid state at — IHO'Vt ho excited electron if state is 
observed to he split up into throe components. 

iSimilui results are observed m the case of ?a- hr omo toluene, tho 0,0 hand of tho liquid 
being at 30197 onrb 


1 N T 11 O DUCTJO N 

iSwainy (1952, U)53a) observed m the near ultraviolet absorption spectra 
et ti ystals of p-xylenc and p-dichlorobenzene at low temperatures, a number of 
bands which could be assigned to excited state vibrational frequencies of the mole- 
<ules. The number of bands observed in the latter case, however, is larger than 
that m the former case. In order to find out whether the influence of mtermolecular 
Held on tile electronic state depends on the nature of the substituent group in 
cur'll para disubstit-uted benzenes, the ultraviolet absorption spectra ofp-dimethoxy 
benzene C 6 H 4 (OCH M ) 2 in different states have been studied in the present investi- 
gation and the results have been compared with those due to ^-xylene and 
p-dichlorobenzene. 


*Communicated by Prof. S. C. Hirkar 
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Splitting of the electronic energy levels into three components was observed 
by Swamy (1953a, 1953b) in the absorption spectra of o-dichlorobenzene and 
o-bromotoluene at low temperatures, although no such splitting was observed in 
the case of para compounds. This indicates that probably the intennoleoular 
held created by polar molecules in the crystal produces sueh a splitting of the 
electronic energy level while in the case of non-polar molecules such splitting 
does not take place. In order to verify this conclusion the ultraviolet absorption 
spectra of m-di chlorobenzene and m-bromo toluene in the liquid and solid states 
have been investigated. Further, the absorption spectrum of m-bromotoluene 
m the vapour state has been studied as no data for the vapour state were avail- 
able for comparison. The results have been discussed and compared with those 
for isomeric dichioro benzenes and broinotoluenes respectively 

EXPERIMENTAL 

Chemically pure samples of -dim ethoxy benzene obtained from Schcrring- 
Kalilbaunn, Berlin, w-rliehlorobenzcnc obtained from Theodor Schuchardt- 
Munchen and w-bromoioluene from City Chemical Corporation, C.S.A., were 
^distilled several times before being used in the present investigation. 

The experimental arrangement was the same as that employed in an eaihei 
investigation bv the author (Sen, 1955). Spectrograms were taken on HP3 films 
with a Hilger El quartz spectrograph having a dispel sum of 3 A.F. per mm in the 
region 2500 A. The absorption spectrum of p-dimethoxy benzene m the vapour 
state at room temperature was photographed with a sealed absorption tube M 
length 50 cm and of diameter 14 mm, quartz windows being cemented to the ends 
of the tube with Araldite and the substance being contained in a bulb attached 
to the tube. The spectrum of m-bromotoluene in the vapour state was recorded 
with a similar absorption tube which was kept at 55°C by means of electric hcatei . 
the bulb containing the liquid being kept at a temperatuie of 45°C by means ol 
another electric heater. The time of exposure required to record the spectra 
due to vapour state was about an hour Very thin films of thickness of the ordci 
of a few microns were required to obtain absorption bands due to the liquid and solid 
states. Interference fringes were exhibited by 1 he absorption spectra of crystals 
owing to passage of light through thin crystalline films. The time of exposure 
varied from 20 minutes to about an hour 

Iron arc spectrum was photographed on each spectrogram as comparison. 
Microphotometric records were obtained with a self-recording microphotqmeter 
supplied by Kipp and Zonen. The frequencies of the bands. were measured from 
the records as explained earlier (Sen, 1956b). 

RESULTS 

The microphotometrie records of the spectrograms due to the substances m 
the liquid, solid and vapour states are given in figures 1, 2 and 3. The frequencies 
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,il the bands due to vapour state are entered in Tables I and IV. Such data 
lor the liquid and solid states are given in Tablos II, III and V, Tho roiative 
intensities of the bands are indicated as usual by the letters (vs), (s) (m) (w) and 
(viv). The bands have been assigned to particular transitions and those are given 
111 the last column of each table, 



Fig. 1. Microphotometrio records of tho ultraviolet absorption spectra of p-dimethoxy 
benzene (a) Vapour at 32°C, (6) Liquid at 60°C. (c) Crystal at 32 D C, 

(d) Solid at -180°0. 
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TABLE i 

Absorption bands of ^-dimetboxy benzene in the vapour state at 32°C 


Wuvo No 
fin- 1 

Assignment j 

Wuvo No 
cur 1 

Assignment. : 

Wnvo No. 
fin -1 

Assignment 

33752 (vw) 

0 - 27 1 

3477!) (av) 

0 + 243 + 080 

35043 (m) 

0 + 580 + 750x2 

33042 (w) 

0 - 201 

34845 (w) | 

0 1-1002 
[() } 243 | 750 

30012 (w) j 

0 |- 1002-1 1 101 

0 \ 171-| 385 + 804 

x 2 

0 | 304 + 089+ 1228 

33735 (m) 

t{37 K‘l (m) 

0 -108 

0 - 54 

34040 (w) 

[0 | 1 103 

|0-j 171 | 243 | 080 

30003 (w) 

33K4:t (vh) 

0,0 

35004 (w) | 

ft) i- 1 101 

0 + 117 -i 301 -1 080 

30142 (iv) j' 

i 

0 | 304+089 hi 299 

0-| 304+385 1-804 

34014 (w) 

0+171 





34080 (w) 

0 | 243 

3507 1 (in) j 

[0 1228 

0 [-171 [-243 | 304 
| 504 

30180 (av) | 

0 1-243 1 580 [ 750 

X 2 

34147 (w) 

0-i 304 

35142 (s) 

0-| 1200 

30242 (av) | 

0 i 1103 j 129!) 

0 | 304 i 580 | 75b 

34228 (av) 

0 r 385 

35224 (av) 

0 -| 089x2 



34347 (m) 

0 + 504 

35311 (w) 

0 [ I7H 1200 

30297 (av) 

fo i 1161 [ 1299 
|0-l- 1228x2 

3441!!) (m) 

0 1-580 

3537!) (av) 

0 i 304 . 1228 



34532 (h) 

0 ! 08!) 

35450 (m) 

0 + 804x2 

30313 (av) 

ft) i- 171 | 1002 i 12!)!) 

1 0 - [ 171 1 089 [ 801 
x 2 

3450!) (s) 

0-| 750 



30445 (av) 

0 [ 1299x2 



35511 (w) 

0 [ 504 hi 161 

30520 (av) 

0 [ 385 1-1002 + 1299 
- 0 [171 +243 f 750 

X 3 

34647 (vs) 

0 1-804 



30052 (av) 

0 + 750x2 + 1299 



35040 (w) 

0 | 504-1 1290 

30744 (av) 

0 1-304 +1299X2 

34700 (w) 

0 | 171 4-08!) 






35733 (av) 

0 | 850 | 1290 

30798 (av) 

10 [-243 I 304 + 804 

l X 3 



35701 (w) 

0 i 385 | 750 1 804 





35870 (w) 

0-1 804+ 1228 

36908 (av) 

(0 | 17J I 385-1 804 
| X3 
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TABLE TT 


Absorption bands of p-dininthoxybenzene in the liquid and solid states 


Liquid at 00 Q C 

CVyRtal ul. 32°fl 

Solid at — 1 BOX 1 

Wavo'N o Sep aval, i on 

cnri cm- 1 

Wave No. 
cm-i 

-\HHipnmont 

i Wave No. 
cufl 

ABSi+nmnnl 

33300 (s, vb) 

32852 (h, b) 

0,0 

32844 1h) 

0,0 

085 

33345 (in, b) 

0+403 

33319 (in) 

ft | 475 

:u2ot (h, vi>) 

33624 (r, b) 

0-f 772 




34110 (h, b) 

0-| 1207 

33624 (s) 

ft 1 780 


34395 (m, b) 

0+ 772x2 

34105 (r) 

c: ! 12« i 


34893 (m, h) 

« 1 772-1-1207 

34407 (m) 

o-l 780x2 


35387 (w) 

0 + 1207x2 

31579 (in) 

ft ! 475 j 1201 


35005 ( w) 0 -I- 493 j- 7 72 X .1 

34881 (m) ft | 780-| 1261 

35362 (w) 0 11201x2 

3.5063 (w) (0 ! 780x2 + 

[ 1201 

36140 (w) (0 + 78011201 

l X2 




104 


8. K. Sen 


TABLE III 

Absorption bands of m -dichlorobenzene in the liquid and solid states 


Liquid at 32°C ; 

Solid at ~180°C 


Wave No. 
cm-i 

Alignment j 

Wave No. 
cm -1 

Assignment 

3.1826 (a, b) 

0,0 

358153 (in) 


36829 (s, b) 

0+1003 

36022 (a) 


37830 (m, b) 

0+1003x2 

36418 (h) 


38838 (w, b) 

0 J- 1003 X 3 

36825 (w) 

C+ + 972 



30939 (m) 

C 0 + 1086 



36994 (a) 

Ao + 972 



37108 (a) 

A p + 1086 



37390 (b) 

B 0 + 972 



37504 (r) 

B„L 1086 



37796 (w) 

C 0 + 972x2 



37910 (w) 

Oo 4 -972 + 10R6 



37968 (tv) 

A 0 + 972x2 



38080 (ni) 

A 0 I 972+1086 



38192 (tv ) 

A 0 I 1086x2 



3H361 (tv) 

TV! 972 x 2 



38479 (m) 

B 0 1 972 + 1086 



38590 (tv) 

R 0 + 1086x2 



38883'(m) 

fl 0 + 972x2 I 1081! 



39050 (m) 

A 0 1-972x2-) 1080 



39165 (w) 

Ao + 972 +1086x2 



39280 (w) 

Ap+ 1086X3 
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TABLE IV 

Absorption bands of 7/i.-bromotoluene in the vapour state at 55°C 


Wave No. 
cm -1 

Assignment 

Wave No. 
cm -1 

Assignment 

36356 bn) 

0-170 

37886 (w) 

("0+1360 

[04 303 + 461 f 601 

36526 (vs) 

0,0 

37960 (w) 

0 +601+834 

36829 (w) 

0 {-303 

38200 (w) 

0 834x2 

36987 (in) 

0 4-461 

38317 (w) 

0 + 834 + 960 

37127 (w) 

0-f 601 

38420 (w) 

OH 461+601 | 834 

37360 (h) 

0 + 834 

38458 fm) 

0+900x2 

37492 (vs) 

0 | 966 

38553 (w) 

0 4 461 4-661 1- 960 

37730 (in) 

0 | 1204 

38658 (w) 

0 \ 461 + 834 X 2 



38703 (w) 

0 -966 1-1204 



38860 (w) 

0 + 966 + 1360 


TABLE V 

Absorption bands of m-bromotoluene in the liquid and solid states 


Liquid at 32°0 


Solid at. — 180°C 

Wave No. 
cirri 

Assignment 1 

Wave No 
cm -1 

Designation 

Assignment. 

36197 (h, vb) 

0, 0 

36136 (w) 

Co 


37223 (a, v) 

Of 1026 

36570 (s) 

Bo 


3H247 (m,vb) 

0 | 1026x2 

37004 (vs) 





37122 (w) 


C 0 i 988 



37554 (k) 

B, 

l*o ! 988 



37992 (vb) 

A, 

Ao+988 



38112 (w) 

0* 

Co 1 988 X 2 



38538 (w) 

B, 

B 0 | 988x2 



38982 (s) 

A 2 

A 0 4 988x2 
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Fig, 3. Mini opbol ometrir rormcls of tin- ulinu iolH. absorption spectra. of w-bromotolueno 


])IHOUH8inN 

Para -d imcthoxybe nze/ti e : 

The absorption spectrum of /j-dimethoxybenzene in the vapour state was 
reported earlier by Sreeramamurlv (1050). As the data wore not available the 
spectrum due to the vapour state was reinvestigated. A probable assignment has 
been made, the 0,0 band being assumed to be at 33843 cm -1 . The ground state 
vibration frequencies 201 and 271 cm -1 derived from the bands on the longer 
wavelength side of the 0,0 band agree with the Raman frequencies of the mole- 
cule (Magat, 1036). The bands displaced by 54 and 108 enr 1 from the 0,0 band 
towards longer wavelengths may lie due to transitions. The other bands 

show progressions of excited state frequencies 171, 243, 304, 385, 504,586, 680, 
756, 804, 1002, 1103. 1161, 1228 and 1290 cm” 1 respectively. The correspond- 
ing probable ground state frequencies observed in the Raman spectrum are 201, 
270, 371, 403. 516. 635, 705, 701. 818, 1030, 1165, 1181, 1261 and 1310 cm" 1 
respectively. The upper state vibration frequency 1207 cm -1 observed by Srec- 
ramamurty, as mentioned by Suryanarayana and Rao (1956), agrees well with 
the frequency 1299 cm -1 observed in the present investigation. The upper state 
fundamental frequency 1297 cm -1 was accounted for by Sreeramamurty as due to 
0H a bending vibration - a symmetric vibration outside the phenyl ring and 
was also found in the spectra of auisole and other substituted anisoles. This 
assignment is probably not acceptable because in the case of jo-dichlorobenzcnc 
also, an excited state frequency 1255 cm -1 is observed (Sponer, 1042; Swamr. 
1963a), On the other hand, the mode v Ja of benzene ring in the ground state 
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has a- frequency 1478 cm~ l (Herzberg, 1946) and in the excited state this may be 
lowered to a value between 1250 and J 300 cnr 1 . 

The spectrum due to the liquid state gives two very broad bands with their 
litres separated by a distance of 985 cm’ 1 and the 0,0 band is assumed to be 
:,t, 33309 cm’ 1 . The 0,0 band is thus found to shift by 534 cm* 1 towards longer 
wavelengths on liquefaction of vapour. In the ease of p-xyloue and p-diehloro- 
bciizene (Swainy, 1952, 1953a) the bands are sharper. The shift of the 0,0 band 
m the present case is laiger than in the case of p-xylene and p-dicldorobcnzene. 
Thus the influence of intermoleeular field is Larger in the present case. The mole- 
cules in this case may execute angular oscillation and the intermoleeular field acting 
on the molecules may fluctuate more widely than in the case ol p- xylene and 
p - 1 lie h lor o l ) cnzei ie, - -resulting in larger broadening of electronic energy levels. 
Hence the intense bands appear as broad bands in the present case, and the feeble 
hands are not resolved. 

Ln the solid state at room temperature, the broad bands become a little sharper 
so that- eight sharper bands are observed The strongest band at 32852 cm- 1 
has been taken as the 0,0 band. The 0,0 band thus shifts by 457 cm- 1 further 
Inwards longei wavelengths probably due to the formation of virtual bonds 
through strongly associated neighbouring molecules and thus lowers the excited 
electronic energy state. Sharpening of the hands mav be due to cessation of 
lateral motion of the molecules. The excited state frequencies observed m the 
disc of the crystal are 493, 772 and 1267 cm -1 The frequent y 1267 cm -1 may 
( orrespond in the excited state to the upper slate fundamental frequency 
1299 cm -1 for the vapour. 

When the solid is cooled to L8() w 0 the bands become still sharper and ten 
aluup bands aie observed The position of the 0,0 band remains unchanged 
with respect to that of 0,0 band of the solid state at room temperature as observed 
also in the ease of p-dielilorobenzciie. The excited state frequencies 475, 780 
and 1261 cm -1 aie given by the bands due to the crystal at — 1H0°C! These do 
not change much with the lowering of the temperature of the crystal. It is con- 
cluded that the formation of virtual bonds through association of neigh bom mg 
molecules is inoie or less complete in the solid state at room temperature and 
therefore no further shift of the 0,0 band takes place with lowering of temperature. 
The amplitude of angular oscillation of the molecules in the lattice diminishes 
with lowering of temperature and the fluctuation of the intermoleeular field dimi- 
nishes Consequently, the bands become sharper at low temperatures. 
chlorobenzene . 

The spectrogram published by iSponer (1942) for the absorption spectrum 
( >t in -dichlorobenzene iu the vapour state shows that the 0,0 band is at 36186 cm -1 , 
Ihore are also other prominent bands at 36564, 37147. 37276. 37290 and 
dH 107 cm -1 which can be assigned as 0-J-378, 0-|-960, 0-1-1090, 0+1 104 and 
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0-1-960x2 urn -1 . These correspond to the Raman lines at 398, 1000, 1070 and 
1126 cm -1 respectively. 

The spectrum due to the liquid state gives four broad bands and the 0,0 
band is observed at 35826 cm -1 . The frequency difference between the succeed- 
ing bands is 1003 cm -1 . The 0,0 band thus shifts by 360 cm -1 towards longer 
wavelengths on liquefaction of vapour. The same shift is observed in the case 
of o-dichlorobenzene (Swamy, 1953a) also. 

The spectrum due to the solid state at - - 180°C appears to be quite different 
from that due to the liquid. The first strong band due to the liquid is replaced 
by two intense bands and a weaker band on the longer wavelength side when 
the liquid is solidified and cooled to — J80 o C. The results can be interpreted 
only on the assumption that the excited state electronic energy lovel is split up 
into three components as in the case of o-dichlorobensaene (Swamy, 1953a) The 
splitting may occur due to asymmetric distribution of dipoles around each mole- 
cule in the lattice. In the case of o-dichlorobenzenc, the principal band is accom- 
panied by two weaker components whereas in the ease of the meta compound 
two strong bands are accompanied by a weaker band. Thus the difference m 
position of the substituent halogen atoms produces a diffeienee m the relative 
intensities of the components It is concluded that splitting depends not only 
on the nature and position of substituents but also on the presence or absence 
of permanent electric moment, as no such split! in g was observed in the case of 
p-dichloroben/ene (Nwaniv, 1953a). 

m-Bromotolutne : 

From Table IV we find that, the (absorption spectrum of w-broinotolucnc 
in the vapour state shows the 0,0 band at 36526 cm -1 . The ground state vibia- 
tion frequency 170 enr 1 corresponds to a Raman frequency (Magat, 1930). The 
bands show progression of excited state frequencies 303, 461, 601, 834, 966 and 
1204 cm -1 . The corresponding ground state frequencies may be 378, 518, 067 
915, 990 and 1365 enr 1 respectively. 

The spectrum due to the liquid state gives three broad bands with the 0,0 
band at 36197 cm -1 and the frequency difference between the succeeding bands 
is 1026 cm -1 . The 0,0 band thus shifts by 329 cm -1 towards longer wavelengths, 
in the case of o-hromotoluene the corresponding shift of the 0,0 band is 
404 cm" 1 (Swamy, 1953b). 

The spectrum due to the solid state at low temperatures exhibits altogether 
nine bands, each of the three bands due to the liquid state being replaced by 
three bands. The first, band at 361 36 cm -1 is very weak and the next one at 
36570 cm -1 is stronger and the third one at 37004 cm -1 is still stronger. So 
it appears that in this case also splitting of the energy level takes place and assign- 
ment of the bands has been made accordingly. As the relative intensities of the 
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irc c components into whioh each band is split up depend on the relative posi- 
< , m a of the substituents it appears that the splitting is duo to formation of some 
; -lual bonds between neighbouring molecules and not due to general distribution 
dipoles around each molecule, 

A comparison of the results obtained in this investigation in the case of the 
m rta compounds and also for the ortho compounds reported earlier by Swamy 
(iDffta, 1953b) with those for other disubstituted benzenes not containing halogen 
aioin show that in the case of the polar molecule containing halogen atoms, some 
fundamental change takes place in the excited electronic state at low temperatures. 
This change is different from Davydov splitting because in the latter case the 
effect depends only on the distribution of electric charges around a molecule and 
not on the nature of the substituent atom. 
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Plate II 

ABSTRACT. Lattice constants of gold lor films of different thicknesses (3 — 120A) 
wore determined by the eloctron diffraction technique. It was found that for thin films 
of gold (1 — 10A) the lattico constant increases by about 5% over the value of the constant 
for films (40 — 120A) thick. 


INTRODUCTION 

Lennard Jones (1930) predicted theoretically that the lattice constant for 
non-ionic crystals should increase with the decrease of crystal size. For crys- 
tals comprising 125 and 300 atoms respectively, this constant was expected to he 

7 and 5 per cent greater than that for a massive crystal, on theoretical grounds 

0 » 

Finch and Fordhaui (1936) obtained, m case of 3-10 A thin nickel films, a 
deviation from the usual lattice constant which varied from 0.2 to 1.0 per cent 
for different reflections. Dankov and Kliisakov (1939) reported an increase of 
the lattice parameter for small crystals m case of a-Fe. Boswell (1951) found thal 
for crystal sizes less than 100A, the lattice constants ol the alkali halides were 
less than the X-ray values by an amount dependent on the crystal size. He 
also obtained a similar decrease in the lattice constant for thin gold, silver and 
bismuth films. Lafourcade (1953) obtained a decrease in the lattice parameter 

O 

for thin films (1-10A) of gold. Recently PinskeT revealed an increase of the 
lattice parameter (1.2 to 1.5 per cent) taking place during condensation of the 
copper on a hot lace of NaCl. There is, therefore, differences of opinion about 
the nature of the change of lattice constant with crystal size. The present work 
was under taken with the purpose of examining this point critically with the help 
of electron diffraction technique. 

EXPERIMENTAL 
(a) Electron diffraction arrangement : 

The diffraction photographs reproduced below were taken with the electron 
microscope assembled at the Institute of Nuclear Physics (Das Gupta et al, 1948). 

110 



Variation in Lattice Constant in Thin Films of Gold 11 1 


Fiiniro la gives tho sectional diagram of the electron microscope together with 
(he diffraction specimen holder. The electron-optical ray diagram for diffraction 
< 3 * c o rdf s 



Fig. la. Sectional diagram of the electron microscope, 
is shown m figure 16. Tn order to obtain large diffraction angle (greater number 
of rings) and high resolution, the diffraction specimen contained in a special adapter 
was placed in the position D after the projector lens. As usual the condenser 
lens formed an image of the cross-over X from the electron gun. The position of 



this image can be varied by varying the eomlenser current. Tho smallest cross 
se< tion B of the beam from the condenser lens is focussed by the ob jeetivo in front 
of the projector lens at E This is again focussed by the projector on the final 
screen in order to obtain sharp diffraction rings. By varying the condenser 
and the objective currents, the position and the size of the electronic spot at E 
could he altered. As will he shown later this controls the resolution of the diff- 
raction photographs. 

(Ii) Resolution of the electron diffraction arrangement. 

Bv the resolving power of a diffraction arrangement is meant, up to which 
difference A d bet ween two grating constants d and d+Ad, tho diffraction rings 
foimerl can still bo differentiated This is measured by the expression d/Ad. 

' R 

From the equation 2d sin 0 — A and 2 am 6 t 20 = -g- 



Fig. 2. Estimation of the spot size. 
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H will be seen from figure 2, that in the present ease, if r t be the radius of the 
effective source in front of flic projector lens P, then the diameter of the spot on 
the photographic plate, 


tf = 


35 

41 


. 2r t = 1.7r, 


( 2 ) 


S was estimated by calculation, From the previously measured diameter of the 
electron cross-over near the anode 300/f (Do, 1950), and the calculated values 
of the focal lengths of the condenser and objective lenses for different currents, 
2r a was calculated to be 57 /i. Hence S — 48 .5p. 

Now from equation (1), with L — 30.48 cm, A = .06 A for 40 Kv. and d = 1A, 

we get for the resolving power ~ — 380. 

A d 

The current in the lens coils is supplied by an electronically regulating unit, 
and the high .tension is stabilised to a very high degree. The degrees of stabili- 
sation were measured previously (De, 1951) and were as follows : 


Power supply 
Condenser lens 
Objective lens 
Projector lens 
High tension 


Fluctuations 
A/ c // c — 1.0 X10- 3 
A/ o // 0 — 5.5 x 10~ 5 
M r fJ p = 1.3 XlO- 4 
A V/V = 1.0X10- 4 


These fluctuations in lens currents and high tension are too small to affect 
the resolving power calculated above, 

(c) Films for electron diffraction studies : 

The metallic films used in the diffraction study varied in thickness from 3 
to 120 A. iSuch films were deposited on a substrate of collodion (thickness 50- 

O 

100A) by evaporation in vacuum. The thickness t of the deposited metal film 
was estimated from the relation, 


3^ _i_ x Mli 
4 477 p 


( 3 ) 


where p and M were the density and mass of evaporated metal, r~and h the 
distance and height of the metal from the film support. With p — 19.3 for 
gold this reduces to 

t- 310 M -t- a (4) 

where M is expressed in milligrams. The formula (4) was deduced on the basis 
of uniform evaporation in all directions. To test the validity of the formula, 
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{he apparatus was calibrated by measuring the weight of the deposited metal 
for thick films with the help of a micro-balance, A graphical method for rapid 
estimation of film thickness for different metals and evaporating conditions have 
been described by Nandi (1954). 

(d) Electron diffraction photographs for thin films. 

Gold film of different thickness deposited on collodion films were interposed 
in the path of the electron beam and the photographs were taken. The constant 
of the apparatus LX was determined from the measured values of the radii r 
lor diffraction rings for a film thickness (40-76 A) and the standard values of the 
lattice constant of gold (Hall, 1953). 

The ring diameters were measured with the help of a comparator reading in 
microns. For each diffraction photographs a number of clearly distinguishable 
sharp rings were chosen for the measurement of diameters. The lattice constant 
was calculated separately for each ring and the mean of them was taken to corres- 
pond to the particular film thickness. 

Microphotomeler traces of the diffraction photographs were also obtained 
with an approximate 7 fold magnification. Each negative was scanned diame- 
trically and the distances between the peaks in the traces gave the ring diameters 
on the magnified scale. From such inicrophoLometcr traces values of the lattice 
constants could be obtained. 


RESULTS 

Plate TT shows the diffraction photographs reproduced in the order of 
increasing film thickness. The microphotomeler traces are shown in figure 3. 
The length R represents the radius of 1.11 ring in each case. 

Table I gives the film thickness as deduced from equation (4) in column 1, 
i nhnnii 2 and 3 contain the indices for different rings and the measured diameters 
m millimeters. The values of the lattice constants, as deduced from these mea- 
surements are given in column 4. The mean values of a are contained in the last 
column of Table I. 

The table shows a marked increase in the lattice constant for very thin films 
of gold ( lo A). No gradual change in lattice constant with film thickness 
could be concluded for insufficiency of data. For very thin films (^ 10 A) it is 
found Aa = + 0.203 A (approximately H- 5%). This increase is also confirmed 
directly by the micro -phQtometric records. 

This positive deviation is in qualitative agreement, with the theoretical pre- 
diction of Lennar A Jones (1930). The general features of the diffuseness of the 
mig, the increase of .the continuous background , ami the changes in the relative 
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TABLE I 

Measured values of lattice constants with film thickness. 


Thickness 
in (A) 

Ring index 
(h k 1) 

Diameter 

(mm) 

a 

in (A) 

Mean 
o (A) 

3 

111 

15.137 

4, 186 

4.186 


111 

15.073 

4.195 


5 

113 

28.960 

3.180 

4. 186 


220 

24.638 

4.183 



111 

15.160 

4.171 


10 

200 

17.380 

4.207 

4.189 


220 

24.130 

4.181 



113 

29 149 

4 198 



111 

15.818 

3 . 999 



200 

18.379 

3 . 995 


40 

220 

25.941 

3 986 

3.987 


113 

30.497 

3.977 



331 

39 977 

3.980 



420 

40.912 

3.985 



111 

15.839 

3.999 



200 

18 268 

4.009 


70 

220 

25 876 

3.996 

4 001 


113 

30 . 200 

4 007 



331 

39 881 

3.990 



420 

40.744 

4.001 



111 

15.905 

3.980 



200 

18.327 

3.991 

- 


220 

25.978 

3.981 


120 

113 

30.379 

3.994 

3.984 


331 

40.045 

3.981 



420 

41.020 

3.987 



422 

45 . 029 

3.977 
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•vnsities of 200 and 111 rings with the decrease of film thickness are in agree- 
with the observations of Lafourcade (1953). 



C ONCLUSION 


The present investigation reveals that for thin films of gold (1 — 10 A), the 
''dtice constant increases by about 5% over the value of the constant for films 
(tO -120) A thick. 
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F.PIT AXIAL GROWTH OF THIN EVAPORATED METALLIC 
FILMS ON CLEAVAGE SURFACES OF ALKALI- 
HALIDES AND OTHER CRYSTALS.* 

K. R. DIXIT 

Gujarat Coujccub, Ahmrdahao. 

{Received for publication December 24, 1 95(1) 

ABSTRACT. Tho paper giveR a theory of epitaxial growth of evaporated melal atoms. 

] |, is fill own that the observed crystal structure anrl the orientation will be I, he combined result 
of the forces of temperature oriontation and the attractive forces of the van dor Waals’ type. 

The term epitaxy was introduced by lloyer to denote the phenomenon of the 
oriented growth of one crystal upon another. Various attempts have been made 
In explain the occurrence of epitaxy, All these are based on the concept of a 
geometrical fitting between the lattices of the substrate and the overgrowth. 
Hover (1928) put forward three rules for epitaxial growth. According to him 
oriented growth occurs only when it involves the parallelism of two lattice planes, 
with almost identical spacings. The percentage misfit between the spacings of 
the substrate and the deposit is regarded as the main factor which governs the 
epitaxial growth. Bruck attempted to explain the results by assuming that the 
orientation of the deposit is such as to make the sum of the dist ances of the subs- 
Iratc ions from the deposit atoms a minimum when considered only over a unit 
( ell This restriction to unit (tell appears to be arbitrary and further the effect of 
both the positive and the negative ions present has to be considered. This was done 
bv Engel (1952). According to Engel, the orientation depends upon the possibility 
of suitable ionisation and the degree of misfit Menzer (1938) also jiut forward 
a 1 heory which depends upon the degree of misfit . The degree of misfit is some- 
times calculated with the length of a unit, cell, and sometimes even with the 
length of two and three cells. The theory put forward by Frank and van der 
Merwe (1919) requires certain critical misfits to produce orientations. 

All the theories of epitaxial growth put forward so far either assume that 
a small misfit is an essential condition for the occurrence of an oriented overgrowth 
<>r they are based on the concept of basal plane pseudo-morphism. According to 
Ihishley (1950) tho present experimental evidence does not completely support 
any of those assumptions. The degree of misfit, however, does appear to have 
nome significance. In the light of this an attempt is made here to put forward 
a theory of oriented growth on oriented substrate. This theory is essentially an 

* (Presidential address, read before tho Indian Physical Society’s annual meeting, Cal- 
cutta, January 1957). 
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extension of the theory put forward (Dixit, 1933) for oriented growth on amorphous 
surfaces. 

Thin films were then prepared by evaporating metal atoms on flat amor- 
phous surfaces The electron diffraction study of these films showed fibrous 
orientations, which in their turn showed a characteristic! dependence on the tem- 
perature of the substrate. This was explained by assuming that the atoms m 
such a layer behave like a two dimensional gas and obey an equal ion similar 1o 
the van der Waals’ equation. Wc have in this case 

ttA = RT 

where n is the two dimensional pressure (surface tension) 

A is the area occupied by the atom on the substrate 
R is the gas constant 
T is the absolute temperature 

In the present case metal atoms are also evaporated on flat surfaces Hut 
the flat, surfaces are now the cleavage planes of crystals. 

This introduces a significant difference in our considerations. An amorphous 
flat surface only serves as a reasonably flat support for the two dimensional gas 
and there is no interaction between the atoms of the substrate and the atoms 
in the gas In the present case the cleavage surface not only serves as a flat 
support, hut there will also he a force of attraction between the ions of the subs- 
trate and the deposited neutral metal atoms. As before, we Bhall consider the for- 
mation of the first- atomic layer only. The upper layers will be assumed to have 
the same structure The additional force of attraction, which now manifests 
itself between the ions of the substrate and the deposited neutral metal atoms 
can be reasonably assumed to be of the polarisation or of van der Waals’ type 
This force will introduce an additional term in the equation already given 
which will depend on the van der Waals’ energy and the area occupied by the 
atom The equation thus becomes 

ttA -\ A(W~* -- RT 

where r is the distance between the two atoms, one of the substrate and the other 
of the deposit, 

or r 2 — r 1 2 -\-r 2 2 A~t z 

where r, is the atomic distance for the substrate, 
r 2 is the atomic distance for the deposit, 
and l is the distance between the two planes, namely, the substrate plane 
and the deposit plane. 

Tn the above equation if' the term ACr ~ 6 is absent we get the same relation 
as before, showing orientation as a function of the temperature. The effect of 
this term is to effectively reduce the term RT on the right hand side, i.e. 
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temperature at which any particular orientation occurs in the presence of the 
, t {.motive force of the substrate is less than the temperature at which the same 
oiieiitation would occur in the absence of the attractive force, or the epitaxial 
i i inperature will be less than the amorphous orientation temperature, Further 
r ven here as before 

A ul <l A 100 < A 110 


Both these conclusions appear to agree with experimental observations. This 
w ill be seen if wo compare the behaviour of evaporated silver atoms on amorphous 
substrates (Thxit, 1933) on caleitc (Rudigar, I9.‘17) and on alkali halides (Shirai, 
1 1)43) This convinces us of 1h(* reasonableness of our modification and we can 
proceed further with the consideration ol this equation We shall coilwulei 
Iiom the modifying term A ( V -fi could he written. 


A('r+ --- A('{ rf+rJ+Py 6 


--^v o { 





— 4 ( Vj “ 0 1 iiiwfit(minfit+2)+2-t 

will he of the order of unitv. Introducing A 1 and A» which are the areas 
occupied by the atoms in the substrate aiifl deposit respectively. These areas 
will be proportional to r-f and r 2 2 , and we get 

A.JA l — — misfit (misfit 4 2)4 I. 

Now writing misfit (misfit +2) — x, we get 

AVr ~ < ' ~ ( 1+ l) (1+1,) - 

If the misfit is small, x = 2 misfit, which is also small and to a first approximation 
W(V n c 'f that ACr~ Cl will depend on A 1 ~ 2 (\-\-2 misfit) if we neglect #/3 or 
' ‘ J *( l~4/3 misfit 2 ) if we neglect powers of .r higher than the first. 

Jins indicates that the effect of the additional force of attraction can he ex- 
p essed in terms of the area occupied by an atom in the cleavage plane of the sub- 
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stratc or its lattice constant- and orieniation. In addition, it depends on the 
misfit. This also appears to agree with the general experimental observations* 

In deriving these relations we have not made any arbitrary assumptions 
about the misfit or the extent of the misfit or about basal plane pseudo-morphism. 
All the experimental observations appear to follow as a natural consequence of 
the two dimensional behaviour of a van der Waals’ gas, subjected to the polari. 
yatiou forces in addition to the forces of a two dimensional pressure. Most of the 
experimental observations on the epitaxial growth of evaporated metals on 
cleavage surfaces, appear to agree al least qualitatively with this theory. 
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R-C NETWORK ANALOGUE 
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ABSTRACT. An R-C analogue for obtaining Uiu stoady slate and tranRionl response 
nl networks is closoriboil. Tbe zovoor and polos ol the network function are lealmed by a 
sy.siem of cHSfado foodbuck amplifiers, the input and feedback nebwoiks of the amplifiers 
being ho arranged that the zeroes and poles of the transfer function ol‘ the syBtom are identical 
with those of the network function. The root loci of n few basic networks for the feedback 
iiinphtiei’H have boon studied, A method of solving polynomial equations using the analogue 
it also described. 


INTRODUCTION 

The location of zeroes and poles of a network function in the complex frequency 
plane determines completely the steady state and transient response of a network 
The i espouse of a nelvoik can, therefore, be determined by an analogue system 
i enlising the poles and zeroes of the network function in an equivalent complex 
Jmjiicncy plane. In potential analogue method of network analysis or synthesis 
(Boothroyod, Cherry and Makar, 1940) the zeroes and poles of the network 
function, are realised by placing current sources and sinks in an electrolytic tank 
and the potential distribution in the tank gives the frequency response of the 
network, 

Tn the present work, the zeroes and polos of the network function are realised 
by using feedback amplifiers. The feedback and input networks of the ampli- 
fier are composed of resistance and capacitance only. For the sake of conveni- 
ence of adjustment of the location of zeroes and poles, a small number of zeroes 
and poles are realised at each stage. The complete network function is realised 
hv putting a number of feedback amplifiers in cascade so that the transfer func . 
tion of the whole system has poles and zeroes identical with those of the netw n-k 
I unction excepting a constant scaling factor in amplitude and frequency. Since 
the zeroes and poles of the It-C feedback and input- networks become the zeroes 
and poles of the feedback amplifier transfer function, study has been made of the 
Joot-loci of a few basic R-C networks, which are used as feedback and input 
UHtworks. 

As an example of the above, the steady state response of third order B utter - 
vorth function has been measured using R-C feodback amplifiers. 

A method of solving a polynomial using the R-C analogue is also described 

121 
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1. INTERPRETATION OF THE N KTWOllK FUNCTION 
IN THE COMI* USX FRHgUETNOY PLANE 

The notwork function Z(P) of a. physically realisable network can be written 
Zip) = 11 ( P + p i)( p -\-P*) _ N(P) 

'{P+PJ(P+ P *) B( p ) 

where P is the complex frequency and 11 is an arbitrary constant. P 2 , P v 
arc the poles (natural modes) and P u P,, P 5 . arc zeroes (infinite loss points) 
of the network function. Tin 1 steady state response of the network is obtained 
from the expression for Z{P) when P is substituted by jm. The transient 
response will be given by the sum of terms ot the form A 2 K J,2t where d 2 is 
the residue oi the function Z(1 J ) at the pole P 2 The steady state and transient 
responses of the netwoik are completely determined by the zero-pole locations 
and are uniquely related to each other. 

For a physically realisable network, there are certain restrictions on the 
location oi the zeroes and poles of Z{P). If Z(P) lie the driving-point impedance 
function of a network, the zoioes and polos of Z{P) must be on the left half of the 
complex frequency plane and 7t{P) must be positive real. If Z{P) be the transfer 
function of the network. Z(P) need not be positive real but none of the poles can 
bo on the right half side of the complex frequency piano. There is no restriction, 
in general, on the zeroes excepting the upper limit ol the ordei of numerator 
polynomial 

2 T K A N iS F E K F U NCTK) N O F A F E E I) U A ( ' K 
A MPL1 F l E l< 

Transfer function of feed-back amplifier as shown in the figure 1 is 


M o„t _ A 



Fig 1. Feedback amplifier. 
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, is i>l i o open loop gain of the amplifier. Tnput, and feedback networks are shown 
i the 7 t iorm. For two-terminal networks Y B — T 7 / — 0. For four -terminal 
i of -works also effect oi Y n and Y ]{ r will, in general, be small when A is large 

xoept when i 0 comparable to Y v ). So, neglecting Y B and Y h , the 

mnsler function can be simplified to 


E out 


A 

l + (l -A) ^ 


]f T 12 and F 12 ' denotes the short circuit transfer admittances of the networks, 
then Y r and Y 0 of the equivalent n are respectively equal to r 18 and Y r /; and 
the transfer function becomes in general 


H(l -A) 


Y v ,' 


winch for large values of A simplifies to 



( 1 ) 


The zeroes of the transfer function are the zeroes of Y r >, and v ~, and the poles 

-M2 

are the poles of l' )2 and It- will be seen that if there be a pole of the net- 

work function on the real frequency axis, the value of the transfer function of the 
feedback amplifier should be infinite at that frequency. In practice, the transfer 
I unction will have a value equal lo the gam of the amplifier under open loop con- 
dition, at that frequency. But this is of little consequence since in practice 
poles of a network duo to inherent dissipation, will never he located on the real 
Jicquency axis. 

lt-(- feedback and input networks are used to obtain the proper pole and 
w-'in location. The limitations on the short circuit transfer admittance function 
0 12 ) of Tt-0 network have been discussed by Guillemm (1949). The 
results are stated hero : Poles of Y vl must be simple and real negative , 
zeiocN of Y u can be real or complex. The degree of mini orator polynomial of 
1 ju can bo equal to or greater by one than the degree of the denominator. 

So, using R-0 network as the input network real negative poles and real 
‘ u complex zeroes can be realised. Using the same network as the feedback 
network, real nogative zeroes and real or complex poles can be realised. Also, 
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if n polos arc to lie realisod using R-C network as the feedback network, there 
will be n or (n— 1) zeroes associated with n polos and hence the input netwoi k 
should be designed to cancel these zeroes. 

3. INPUT AND FJSKDBACK NETWORKS 
(a) Network for a real pole : 

The short circuit transfer admittance function Yu of the network of figure 
2 is given by Y 12 — where x — PGR is the normalised value of frequency, 

normalised with respect to 1 jCR. 

rh 

O L^vWVV— 1 ° 

/?M 

O 

X -} Q 

Fig 2 A network for a real x>olo or zero. 3 r ,.j = __ — , — PCB 

v 

When this network is used as the feedback element, and a resistance v as 

the input element as shown in figure 3, the transfer function of the amplifier' •be- 
comes 


_ _ _ v __ 
E\ n *+« ' 

&/o< 



Pole of the transfer function is at a and is real negative. Different values of 
a can be obtained by keeping C fixed and varying the resistance JK/a and m faot 
this resistance can be calibrated to read directly a. However, exact position of 
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;ne pole for an amplifier having non-infinite gain will be Blight] y different since 
die exact expression for transfer function is given by 


Km 

' E in 


A v 


1 ~A 


*+«+ 


v 

I -A 


This deviation is very small for values of A > 1000. 

(b) Networks for a complex pol '* : 

(1) The short circuit transfer admittance of the network of figure 4 is 
given by 

x*+ l x+ “ 

P _ p ip* = N(x) 

12 -B ' a D(x) 

\p 

where x — PGR . 


R 



/j P 4/P* 

fig. 4. Network (j) for complex polew oi zeroes. -- 

Ifi 

With this network as the feedback clement and a resistance Rjfi as the input 
element as shown in figure 5, the transfer function of the amplifier becomes [neglect- 
ing the effect of (cf. figure 1), and A, the finite value of the gain of the 
amplifier] 


Eout 


a; -(-a' 


a 2 + aH- 


a 

4// 2 


( 2 ) 


where 


a' = 


a 

4/?' 


This transfer function has a zero at a', and a pair of poles at ye 


where 


v e± * 9 = At— i±jV«— J ]- 
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Poles are conjugate complex when a > 1. Modulus of the poles is 7] = 
and also the arguments are 0 = ± tan _1 ^/a— 1 . 



V_a 

w 


Fig. 5. Feedback amplifiui for complex polos using network shown in Fig 4. 


■k'oul 
E'L n 


x-\-n' 

a ' 2 ' , *^ + 40 « 




The value of the argument of the poles deponds only on a and hence by vary- 
ing a alone argument 0 can be set to any value, and 0 can be read from a calibrated 
scale. Another scale calibrated in terms of ya> will give the modulus of the roots 

when /? = 1. Any modulus other than ^ “ for any value of 0 — tan -1 \/a— 1 

can be obtained by varying keeping a fixed. For any value of ft ^1, modulus 
can be obtained multiplying the modulus dial reading by 1//?, /? being obtained 
from a calibrated dial. 

When the effect of Y B ' and A , arc taken into aocout, transfer function of the 
amplifier becomes [figure 5]. 




1 -A 

A 


[ 


l-A { *( X + 2/7 ) +51+ {x 




•y/a 


1-A 
‘ A 


[ **+* { 2 v 006 °+ lii ( 1+ 2/i) } +V * + i W-A) ] 
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Modulus of the pole is then, 


■'=Vfl*+ .VVA !.L _v« 1 

V T 2(1— /l) \ f 2(1 — ^4)« J 


1/2 


iincl the argument O' — cos 


2(1 -X) 

COS 6 


_ l +vV a 


V 1 -I V “ 2(1 -4)7 - J , , V «■ 

2{1—A)v 2jy(l-4) 


Thus with A > 1000, error m using the simplified expression (2) is very small, 
unless, Tj is very small. Large error will occur in using the simplified expression 

w hen v is small, of the order of V or less. 

A 

(li) Short circuit, transfer admittance function of the network, shown in 
figure (5, is 


I 


4 

K/i 


4 , a 

4 

x+ 


(-' -£)(■+*») 


JP/2 

fi/2 

^ VVWV 

II 

II 

- 3 

fi/o( < 

. 1 

r 

II 

2KC 

- A/3 C 

0 


Fig. 6. Network (n) for complex polos or zeroes. 


Y v . 


* 3 + ^* a + 
Kp 


4 

K*(3 


■ c + 


a 

K*{3 


(■+.*)(•+ 


4 

K(3 


) 


Using this as the feedback network with a resistance RjK as the input network 
as shown in figure 7, the transfer function of the amplifier becomes [using the 
simplified equation (1)J. 


Emit 

Kn 



x * + h x+ 


a 

X*fi 


... ( 3 ) 
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There are two zeroes and three poles in the transfer function. ZeroeB lie 
on the negative real axis. For K — 1, the position of the zeroes can he known 
by calibrating the Rjot resistance and jiC capacitance dial. 


Jt/K 2/2 fi/2 



Fig. 7. Feedback amplifier for complex poles using network shown in Fig. 6. 

E mit _ _ ( X + 4/v ) ( x + Kfi ) . 

~ 4 4a 

x *,]- M 


All the three poles may be real or one pole real negative and the other two 
conjugate complex. Applying Routh’s criteria, when ct(i > 16, real part of the 
complex roots of the denominator polynomial of Eqn. (3) will be positive. So, 
using the network of figure 6, a pair of complex conjugate poles may be realised 
even in the right half of the complex frequency plane. 

Let the real root of the denominator polynomial be — « 0 and the complex 

roots — $ dhiV- Modulus of the complex roots is r = 2 

Then 




Kfir 


r 2 +2aj = 


4 

iPfi' 


a 

i fi- 


when 


K = \, a„+ 2f = |. 


r 2 +2a t £ = | 


and 


a 0 r 2 


a 

J 


All the three roots will be real when £ > r. 
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! f 1 and Uq — 1 and, ^ < I, all the roots will be on a unit circle, and the 
equations reduce to 


.-ft. 

mol locus of the network becomes a unit circle when a — /A and to obtain 
mii complex roots, | is to be less than 1 or ft greater than 4/3 

Argument of the complex roots of unit modulus is 

0 -- cos- 1 £ and cl ~ ft ^ _ ... (4) 

1 | 2 cos 0 

'I'li uh keeping a — //, and K — I poles of the tianster fuction can be located 
nil a unit circle, and argument ul l he poles can be read from a calibrated dial 
.ittcH lied to 1 he oc dial 

Keeping argument (ixed, modulus ol the poles can be varied by givnui K 
a \aluc other than unity Modulus ol the rools then become 1 \K 

Due to the* Unite gam of the amplifier exact position of the poles will be dif- 
Iciciil In mi that calculated from equation (3) "Pile exact expression for the* 
Iranslei’ function taking the Unite gain of the amplifier into account is given bv 



( r >) 


run equation (/>) it is e\ ident that deviationof the actual pole position lrom 
dial calculated iroin equation (3) mcieasc with increasing values ol 0 and the 
local mii of the poles on the nnaginaiv axis requires values ol a and ft gicatet 
di ; ui 4 Deviation of the values of 0 obtained from equation (4) will be smallei. 
,h, ‘ greater the value of .-I. 

it may be noted that if the network of figure (i is used for coustiucting selec- 
a, uplifiers, the selectivity ol’ such an amplifier is limited by the finite opon- 
gain ot tile amplifier. From the above discussion, it is seen that a high 
iv'lcetivity can be achieved even with a finite value of open-loop gain by adpisting 
uul ft to a value greater than 4. 
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4. HOOTS OF POLYNOMIALS 

Using the circuit, arrangement, of figure 8 roots of a polynomial can b© found. 
Let the polynomial he given by 


f(z) =2 n -K,-iz" _1 1- +a 0 . 


where the coefficients are all real. 

A new function F(z) is formed from f(z), given by F(z) ™ 

g(z) 

chosen arbitrarily to have real negative roots of convenient values. 


and g(z) m 


£ 



F{z) = 1-h 


Z | ttj 


Vj, 


H- 


vn 
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Then 


F(z) = J + 


y jL _ _[_ _2 

z+a x r z+a. 


H- ■ ■ • 


z-|-a„ 


i , r„, v n etc. are the real residues at corresponding poles oi“ the function F{z). 
Individual terms of F(z) can he realised by network configuration of figure 3. 

Circuit arrangement, for realising F(z) is shown in figure K. 

.Supposing that one of the roots of the numerator polynomial lies at -~<i f jb 
m the complex plane, the value of the function F(z) will be zero at this point. Tin's 
point in the complex piano is found out, moving along the imaginary axis by 
varying the frequency of the oscillator (which iH normalised in terms of w(7H) 
i.o make the output of the system minimum, corresponding to a value of frequency 
I, and then gradually shifting the imaginary axis towards zero by shifting the 
poles oc v a a ... a n etc., all by the same amount keeping v l5 v a ... v„ etc , fixed. 
The latter adjustment can ho done by keeping all the input coupling network 
settings fixed and varying all the dials of the feedback network by the same amount. 
As ilie zero point in the complex plane is reached the output voltage gradually 
decreases and finally, at the zero, becomes zero. Dial reading of the oscillator 
gives h and amount of shift required in the a dial gives a. 

figure 9 shows an alternate arrangement of circuit suitable for finding 
only the real roots of the polynomial. 
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It may be noted that in the arrangement shown in figure 8, when a x > a a * 
dials are varied by the same amount to shift the imaginary axis the gain of the 

feed back amplifiers become - , ' 2 .. r " - . Same can be obtained Iry 

a x —a a 2 —a a t ,—a 

using ganged potentiometers as shown in figure 9. Potentiometers are so ganpcd 
that when 1 1 1 potentiometer rotates through an angle 0°, 1 : 2 potentiomefei 
rotates through an angle 0°/2, l . 3 potentiometer rotates through 0°/3 and so on. 
Hence, if (1 : 1) potentiometer is set to 1 — r/, (1 : 2) is set to I — r//2, (1 ■ 3) to 

1— a '. D. C. gain of the amplifiers become — ! — , . 

3 1 — a 2 -a 3 —a 


and 


nut _ r l v 2 I 

E Ul 1 — a 2 - -a 3 -r; 


Value of a which makes the. above zero, gives the values of the real roots of 
the polynomial. 


r> S OMK 13 X A M V 1, 13 S 

1. Circuit arrangement for realising a. Bntterworlh function of 3rd. order . 

A Butterworth function of third order has one real pole and a pair ot comjilev 
poles, all situated on the left half of the complex frequency plane Modulus of 
the roots arc unity and the argument of the complex roots is 00°, These me 
realised by the amplifier of figure 7 setting K ~ 1, a — /? — 2 and the real zeroes 
arc cancelled by using two amplifiers of figure 3 connected in cascade. Resultant 
system is shown in figure 10. 



Fig, JO — fUrciut. arrangement lot lealuring tim'd order Butterworth tune turn, 


R-C Network Analogue 


133 


The overall transfer function is 

Rout _ 1 

Trai infer function of this system wasjmeasurod and the experimental plot of the 
function is shown in the figure^ 11 



Kjjr. || — Kxpcvimcatnl plot of tim'd order Knl.ti'rworll) lmirMiou using ciicuit. arrangement 
of Fig 10 

'2 (tfmut arrangement for realising a net. work having the transfer function 

-,.2 I | 

.In ligure 12 is shown the amplifier arrangement lor ohtain- 
(.» |-2)(a ; +3) h 

R/2 
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ing the above, transfer function, figure 13 shows the experimental plot of the 
transfer fu n ction . 



Kip. Hi — Expminouitu] plot of frequency response of n network having the transfer Junction 

•c 2 1 1 

’(.T + 2)(.r |-3) 
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ULTRAVIOLET ABSORPTION SPECTRA OF ORTHO- 
AND PARA-CHLOROANISOLE IN THE LIQUID 
AND SOLID STATES* 

S. B. BANERJEE 

Optics Department, Indian Association iron the Cultivation oe Science, 

J ada vruu, Calcutta-32 

{Received for publication, October 4, 1956) 

ABSTRACT. The ultraviolet absorption spectra of orl-ho-nnd panwhloroninsolo have 
Im’cu studied m the liquid and solid states. The results have been discussed and eompurod 
Mith those tor the substaucos in the vapour state and foi other analogous compounds ill 
ilificicut stall's repoj’ted hy pioviuus workers 

Km each i ompound the r w -band is found to undergo large shift towaids longer wavc- 
Icngllih when (he vapour is liquefied. In the case ot o-chloronmsoje the spectrum due to 
tin liquid appears to consist of two bones ot bands separated by about- 23 A 11. from each 
ol her while the spectrum of till' solid shows only one series of narrower bands, The results 
lieu* I Ken uiloipreled on the assumption thul m the liquid state there are probably two 
types ol molecules corresponding to the cis- and fro/iN-positions of t-ho methoxy group in 
I he molecule with respect- (o Ihe chlorine atom. 

J N T K O D VC T L O N 

Fiom the investigations of the ultraviolet absorption spectra oi disubsti- 
tuted benzene compounds containing one or more halogen atoms carried out m 
tins laboratory (Swamy, 1952, 1953a, 1953b) it- was observed that in the case of 
some diHiibstituted benzenes with a chlorine or bromine atom in the ortho or 
meta position with respect to another chlorine atom or any substituent group of 
atoms other than an OH -group, the excited state electronic energy level is split 
up into more than one components when the substances are solidified and cooled 
in — 1 S(P 0, but- in the case, of compounds having the chlorine or bromine atom in 
Hie para position no such splitting takes place. It was concluded that in the 
urllio or meta compounds in the liquid and solid states the molecules become 
associated through virtual linkages owing to the presence of a strong pennaneut 
electric moment and as a result of such an association the excited state electronic 
energy level is split up into three components. In the ease of the respective 
|)ara compounds such strong association does not take place owing to the absence 
cl a strong permanent dipole moment and consequently the excited state energy 
•cvcl is not split up with lowering of temperature. 

Although the splitting of the energy level mentioned above is observed m 
die i a.se of chloro- or broino- toluenes (Sw'amy 1952, J953b), no such splitting 
uas observed in the ease of o-ehlorophenol (Swamy, 1953b) or o-bromophenol 
* Communicated by Prof. S. C. Rirkar. 
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(Banerjee, 1956b) because the chlorine or bromine atom is attached to the OH- 
group of tlie same ring (Pauling, 1939; Ghosh, 1955). It is not known, however, 
whether molecules having any substituent with rotational freedom other than 
OH-group behave in the same way as orthoehlorophenol molecules, It was, 
therefore, thought worthwhile to extend the investigations to ortho -and para- 
chloroamsoJe. The results of such an investigation have been discussed in the 
present paper and compared with those for the vapour state reported b\ 
previ oils workers . 

K X V E K 1 M E N T A L 

The chloroamsolcs were of chemically pure c(uality supplied by 
and were distilled under reduced pressure before use. Very thin films of the 
liquids of thickness of the order of a few microns were required to obtain the 
absorption bands The spectia were photographed on Ilford HP3 films with a 
Hilgcr El spectiograph having a dispel sion of 3 A.U. per mm in the 2600A region 
Iron-arc spectrum was taken on each spectrogram as comparison. Microphoto- 
inetTLc records of the absorption bands and iron arc lines were taken with a Kipp 
and Zoneii type Moll microphotometer. The frequencies ol' absorption bands 
were determined by a comparison ol the records of the absorption bands and 
iron arc spectrum in the same spectrogram by the method described oarliei 
(Banerjee, 1956a). 

K E S IF L T H A N 1) D J S (.' V 8 H 1 O N 

The mu rophotometric records of the absorption bands of flu* cliloroanisoles 
are reproduced in figures 1 and 2. The wave numbers of the bauds and then 



Fifr | MiciopholoiuKric records ol the ultraviolet absorption Bpoctru of o-chlornmiisoK 
( a ) Liquid at 32°C (M Solid nt — 180°C 
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Aliments aro given in Tables I and JI. .As the spectra of the compounds in 
vapour state have already been reported by Suryanarayana and Rao (1955, 
U*>) those data have been included in the tables for comparison. 



L’i^ 2, Miciopliotomotric rocoiila ol* (ho ultraviolet Lihaoi ption spectra of p-chloroamaole. 
(a) Liquid at 32 3 C ( b ) Solid at — 180°( 1 

(bfViloroaniaole 

Tlio absorption speeturm of o-chloroanisolc in the vapour state reported by 
S u cyan ai ay ana and Rao (1956) consists of 66 bands with the position of the v 0 - 
Imnd at. 35700 cm” 1 . The other bands have been interpreted on the basis of eight 
fundamental frequencies in the excited stale, viz., 357, 518, 614, 767, 948, 1060, 
1274 and 1389 cm -1 and four other frequencies in the lower state. In the spec- 
trum of the liquid the v 0 -band is at 35139 cur 1 , It is thus displaced towards 
longei wavelengths bv about 600 cm” 1 from its position due to the vapour. It 
eaii also be seen from figure 1 that the v 0 -band as well as the other three bands 
appear to be doublets each having a component on the shorter wavelength side, 
tlic separation of the components being about 23 A U. or 286 cm” 1 . When the 
liquid is solidified and cooled to — 180°C the bands become narrower and only 
one series of bands are observed. The r 0 -band shifts again towards shorter 
wavelengths by 223 cm” 1 on solidification of the liquid. 

Anzilotti and Curran (1943) studied the dipole moment of o-chloroanisole in 
vci v dilute solutions in benzene and concluded that the OMo-group in the mole- 
cule is locked in tlio trans - position because of steric repulsion betweon the 
m ethyl group and the halogen atom. Similar conclusions were arrived at by 
Rurawoy and Chamberlain (1952) who suggested from a study of the electronic 
Hpeetra'of the solution "of o-chloroanisofe in ethyl-aleohol that themothyl group 
i|w ' 11 do to turn away from the substituent in the ortho position to avoid steric 
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TABLE I 

Absorption bands of o-chloroanisole. 


Vapour* 

j Liquid at 32 'C 

Solid at — 180°C 

(Suryanarayana & 

s Ilao, I960) 

1 Present author 

Present author 

Wave No. 

Assign- 

! Wave No. 

Assign- 

Wave No. Assign- 

(cm -1 ) & Int. 

mont 

j (cm- 1 )* lnl . 

ment 

(cm -1 ) & Int. ment 

35070 (w) 

v 0 -090 

35139 (s) 

A w 

36362 (s) v v 

35195 (w) 

v 0 —505 

35425 (h) 

H u 

36339 (a) r„-h977 

35342 (vw) 

v 0 -418 

35999 (s) 

A 0 | 800 

37310 (ms) i/y 2 ^ 1 ) 7 ' 

35481 (m) 

v 0 -279 

30285 (s) 

By I 800 


35700 (s) 

*>6 

36869 (ms) 

Ay-J -2 x 860 


30117 (m) 

j' u -|-357 

37130 (u) 

B„ + 2 x 800 


30278 (m) 

v () -f 518 




30401 (a) 

v 0 -}-04J 




30527 (h) 

v 0 -j-767 




30708 (s) 

v 0 + 948 




30820 (ms) 

v 0 -1-1060 




37034 (m) 

I’o + 1274 




,37149 (w) 

-1-1389 





* Only prominent hanrlR corresponding to fundamental vibrnt.ionnl frequencies Iium- 
boon included 


TABLE il 

Absorption bands of p-chloroanisole 


Vapour* Liquid at 32°C Solid at — 180 o C 

Kuryanuruynnn <fc llao (195b) Present author Present uuthoi 


Wave No. 

Assign- 

Wave No. 

Assign- 

Wave No. 

ABflign 

(cm 1 ) 

ment 

(cm -1 ) 

ment 

(cm- ] ) 

ment 



& Tnt. 


& Int. 


34505 

Vy — 361 





34800 

v t> 

34389 (b) 

v u 

34318 (8) 

*o 

35203 

ry-|-337 

35375 (s,vb) 

r (> + 980 

35078 (ms) 

V 0 -t 76<i 



30360 (ms.b) 

v 0 1 2 < 980 

35275 (s) 

I'd 4-957 

35045 

ry + 779 



35602 (m) 

v, r \ 1284 

35919 

v 0 I- 1053 



36352 (a) 

r fl fl2H4 1-760 

36140 

1VP1274 



36565 (ms) 

^+12814-9^ 

* Only 

prominent bunds 

corresponding to 

fundamental v 

ibmtional frequencies ll!n '' 


been included. 
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irLrt'ftction, bo that the bauds shift towards shorter wavelengths only by about 
^ V 1' from the position of the band due to o-chlorophenpl, but when both the 
u ,(j 10 positions are filled up the shift is about 100 A.U. In the vapour state all 
li]L v molecules of o- chloroanisole have the methoxy group fixed in the trams - position 
(1 ihI thus the substance contains only one type of molecules, hi the liquid 
suite the molecules are randomly oriented with respect, to each other and in 
some of the molecules the methoxy group may tend to come to the 
apposition with the result that the conjugation effect is weakened, so that the 
kinds shift towards shorter wavelengths This may be responsible for the appear - 
■ujco of the second series of bands on the shorter wavelength side of the main 
hands in the spectrum of o-chloroanisole in the liquid state. When the liquid 
is solidified and cooled to — 180°C all the molecules probably tend to be converted 
to the rw-forni owing to the influence of the field due to chlorine atom of neigh- 
bouring molecules on the methoxy group giving rise to only one series with the 
ip-band displaced more towards shorter wavelengths. 

U the changes m the spectra observed with change of state are compared with 
those observed in the ease of o-eresol if is found that the shifts of the v 0 -band with 
I lie changes from the vapour to the liquid state and from the liquid to the solid state 
are larger in the case of o-chloroanisole than ill the case of o-cresol. The larger 
chemical activity of chlorine atom thus seems to produce this larger influence 
of mtcrmoleeiilar field on the electronic state. 


p-< 'hlorornnsote , 

In th< vapour state ^-chloroanisole exhibits a large number of bands which 
icpveseut transitions involving excited state vibrational frequencies 337, 699, 779 
1053 and 1274 cm -1 and a ground state vibrational frequency 361 cm" 1 as shown 
tentatively by Suryanarayana and Rao (1955). The band at 34866 cm"" 1 was 
tiihen as the r 0 -band by them. The spectrum due to the liquid consists of three 
hi cad hands. The broad band at 34369 cm -1 has been taken as the v 0 -band and 
i In* oilier bands represent, progression of a frequency 986 cnr 1 . The v 0 -band is 
Urns displaced by 477 cm -1 towards longer wavelengths with the liquefaction of 
Urn vapour. When the liquid is frozen and cooled to — 180°C the absorption 
limids becomoa little sharper and bands corresponding to excited state frequencies 
7b0. 957, 1284 cm -1 and their combinations are observed. It appears that owing 
ic the smaller value of the dipole moment of the para compound the excited 
eW-ironic state is not affected by the intermoleeular field as much as in the case 
ct ortho compound in the solid state at low temperature. Also, the shift of the 
1 1 - band is larger in the case of ^-chloroanisole than in the case of the analogous 
movcule p-cresol probably owing to the greater chemical activity of the 
^loiine atom. 
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Platt* Hi 

ABSTRACT Tho ciyntftl Ntruckum of frown tollman ul - IH0 U C bun been investigated 
by studying Lhn Debve-Schei'ier pattern, and by UHing Li] won's method, it has been observed 
lb.it the crystal belongs to orthorhombic nystom The dimensions of the unit cell are 
a - 7.3.18 A, b — 8 600 A and < = 1) JO A. Tho density ot tin* crystul bus been deter- 
mint'd and found to bo 1.061. The number of molecules in the unit cell is 1 The crystal 
probably belongs to .space group (U.,,, 

The Debye- Soberin' patterns due to frozen ethyl alcohol and frozen solutions of toluene 
of strength 81% and ‘15% m ethyl alcohol (and also of liquid toluene ut -H() r, C) have been 
studied and tho results indicate that both the solutions in the solid state are amorphous. 
In tlu> 81% solution oyboUctie groups of toluene molecules are present but their number 
is reduced by alcohol molecules and the latter molecules do not form groups in the frozen 
solution In the 35% solution gioups duo to ethyl alcohol molecules are present and in this 
itiho also the number of such groups is reduced by toluene molecules, ft has been pointed 
• ait, that these results explain the Tinman spectra ui the low frequency region observed by 
Knslhn. (1050), 


INTRODUCTION 

Prom the results of investigation on the Raman spectra of frozen solutions 
oi toluene in ethyl alcohol at — 180°C Kastha (1956) concluded that the low- 
fi equency Raman lines observed in the case of frozen solution of strength 81% are 
produced by groups of toluene molecules formed by association of the mole- 
cules. He, further observed that when the strength of the solution is diminished 
to .15% a continuous wing is produced instead of the discrete band. He concluded 
that a wing is produced by the groups formed by the association of toluene 
molecules with alcohol molecules. Both the solutions were found to bo trans- 
parent like glass. It was not known however whether the frozen masses were 
crystalline or amorphous. The object of the present investigation was to deter- 
mine the crystal structure of frozen toluene, if possible, and to find out whether 
tho frozen masses of the mixtures mentioned abovo aro crystalline or amorphous, 
as such information would bo helpful in understanding the origin of the low-fre- 

ua . - . 
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quency Raman lines. For this purpose the Debye-Scherrer patterns of frozeii 
toluene and of solutions of toluene in ethyl alcohol at — 180°C have been photo- 
graphed and the J esuits of the analysis of the patterns have been discussed in 
this paper. . - 

EXPERIMENTS I, 

Toluene used in the investigation was of chemically pure quality, Resides 
the Debyo-Scherrcr photograph of toluene such patterns due to 81 % 
and 35% solutions of toluene in dehydrated ethyl alcohol at — 180°C were also 
photographed just to find out whether the frozen masses were crystalline or amor- 
phous. Each of these patterns was photographed several times in order to find 
out whether the results were consistent with each other. The diffraction patterns 
flue to pure alcohol, pure, toluene and solutions of toluene in alcohol in the liquid 
state were also photographed for comparison 

A Seifert X-ray tube running at 32KV and 26mA was used to photograph 
the Debye-Scheirer patterns. The X-ray tube was provided with a copper target 
and a nickel filter was used to cut off the K ft radiation. Air exposure of 3 hours 
was sufficient to record each pattern with moderate intensity. 

The patterns at — 180 g C were photographed by the method used previously 
by Krishnamurti and Sen (1956). The arrangement was slightly modified so 
that liquid oxygen v as first falling into a. funnel and while coming out from the 
lower end of the funnel it produced a narrow stream surrounding the specimen 
As the stream was in the path of X-rays a liquid oxygen halo was produced in 
each Debye-Scherrer pattern. The r adius of the camera was measured accurately 
by taking a Debye-Seherrer pattern of rock-salt before each exposure. 

RESULT 8 AND DISCUSSION 
(a) Space group of , solid toluene • 

The Debye-Scherrer pattern due to crystals of toluene at — 180°C is reproduced 
in figure 1, (Plate III). The values of sin 2 8 for the rings in the patterns due to 
toluene were calculated and plotted on a graph paper according to Lipson’s 
(1949) method. It was found that some of the differences were repeated several 
times. So, it was concluded that the crystal might belong to orthorhombic 
system, By trial it was found that the spacings could be explained by assuming 
the values of A a /4a 2 , A 2 /4 b 2 , and A 2 /4c 2 to be .0110 .00800 and .00709, respec- 
tively. The'&e gave the following dimensions of the unit cell. 

a = 7,3381 


b =Jj.606A 
c = 9.20. A. 
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The observed Values of sin*#, the spacings and the proposed indices of the 
, i lJU ; S and also the values of sin 2 0 and the spacings calculated with the values 
mentioned above are given in Table I. In order to find out the number 
y .uolecules In the unit coll the density of solid toluene at — L80°C was required, 
hti I it, could not be found in the existing literature. So. an attempt was made 


TABLE 1 


Data from the Debye 

-Scherrer pattern of toluene at 

-180°C 

Sin- 6 

observed) 

Sin- e 
(calculated) 

Difference 

Spacings 

observed 

Proposed 
Indices & 




in A 

Intensities 

01804 

01800 

0000*1 

5.730 

101 

(*) 

0257*1 

02000 

00026 

4 . 795 

1JI 

(ms) 

.03198 

.03200 

00002 

4 . 30 

020 

(«) 

.03891 

03900 

00006 

3 90 

021 

(w) 

, 04b 13 

. 04300 

00013 

3 705 

120 

(ins) 

. 04009 

.04700 

00031 

3 56 

M2 

(w) 

. 04002 

.05000 

00038 

3 45 

121 

(ms) 

00017 

.UG00O 

.00017 

3 1-1 

022 

(a) 

07218 

.07200 

00018 

2 865 

2021 

030j 

(ms) 

.07580 

07000 

UOOH 

2 795 

220 

(w) 

07910 

. 07900 

00016 

2 735 

031 

(w) 

.08290 

.08300 

00010 

2.67 

1 301 
221 ] 

(iuh) 

1037 

1040 

0003 

2.39 

222 

(ms) 

. 1 J 20 

.1120 

0000 

2 30 

004 

(ms) 

1314 

. 1310 

m\ \ 

2 12 

3201 

1 14J 

(w) 

.1393 

. 1 390 

0003 

2 . 06 

140 

(ms) 

1 iOO 

.1460 

0000 

2.015 

un 

133) 

(ms) 

.1044 

. 1640 

. 0004 

1 . 90 

214 

(ms) 

. 1700 

. 1760 

. 0000 

1 835 

400 

(w) 


t ) determine the density of frozen toluene at ~180°C by measuring the contraction 
f d volume of a certain mass of toluene contained in a cylindrical bulb of Pyrex 
joined to a capillary tube taking into account the contraction of PyreX 
^ itself, and assuming the density of toluene in the liquid state at 20°C as 
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0.866. The density of solid toluene at — 180°C was found out to be 1.061. The 
number of molecules per unit cell calculated with this value of density is 4.033. 
Hence, actually there arc four molecules in the unit cell. 

Although reflections from only a few planes have been photographed the 
results given in Table I indicate that (hoi) planes with (fi-fZ) odd are absent 
So the possible space group is C % t . 

(b) Structure of -frozen solutions of toluene m alcohol. 

The patterns due to pure ethyl alcohol in the liquid and the frozen state are 
reproduced in figures 2 and 3 (Plate I) respectively. In figure 3 the piesence of 
the inner halo m addition to the outer liquid oxygen halo indicates that alcohol 
is amorphous in the solid state. The mean spacing of the cybotaclie groups in 

the liquid state iH 4.12A while it changes to 3.78 A in the solid state. The 
intensity of the halo due to t he solid is larger than that due to the liquid. Evidently, 
the cybotaetio groups are frozen in when the liquid is solidified. The pattern due 
to toluene in the liquid state at about -~80°C reproduced in figure 4 (Plate Til) 
shows two halos, the inner one being very intense. This indicates that the number 
of cybotatie groups increases at lower temperatures. The pattern due to a 81 % 
mixture of toluene with ethyl alcohol reproduced in figure 5 (Plate III) consists ol 
a fairly intense halo corresponding to a spacing of 5. 58 A" superposed on a diffuse 
halo of larger radius. When this mixture is frozen the other diffuse halo becomes 
very feeble i(figure 6) and only one weak halo corresponding to a spacing of 4.651 A 0 
is observed. Hence the frozen mass is amorphous. 

The results observed in the case of the mixture of toluene clearly indicate that 
some groups of molecules are formed hi the frozen mass and these are analogous 
to cybotaetio groups in the pure liquid. The spacing observed is slightly less than 
that observed in the case of toluene in the liquid state at - 80°C. So, probably 
the cybotatie groups of pure toluene molecules are frozen in when the 81% mixture 
of toluene in ethyl alcohol is solidified. The feebleness of the halo observed in 
the case of the frozen mixtures indicates that the number of cybotaetio groups is 
less in the mixture than in the pure liquid at low temperature. This happens 
probably because the alcohol molecules enter into some of these groups and break 
them up into smaller groups. Hence the new Raman band observed by Kastha 
(1956) in the low-frequency rigion of the Raman spectrum of 81% frozen solution 
of toluene in ethyl alcohol is produced by the gr oups of toluene molecules present 
in the frozen mixture. 

The pattern due to frozen mass of 35% solution of toluene ill ethyl alcohol 
reproduced in figure 7 shows one halo corresponding to the spacing of 3.92 A 0 . 
This spacing is identical with that observed in the case of frozen ethyl alcohol 
at — J80°C. The intensity of the halo is however much less in the case of the 
mixture than in the case of pure alcohol in the solid state. So, the number of 
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lutfin-iu cybotatic groups in the mixture is much smaller than that in the case 
, Jit* puie substance in the solid state. This indicates that groups of pure ethyl 
;tll ,,hi t | molecules are present m the frozen mixtures, but some of them are broken 
n.io smaller groups by toluene molecules used as the solute. The latter mole- 
jnli* do no! form groups large enough to produce any diffraction halo. Hence 
1 1 ,, Human spectrum in the low-frequencv region of 35% frozen solution of to- 
|, j( in 1 m alcohol observed by Kastha (195(1) is produced by very small groups of 
(niiu uc molecules dispersed m ethyl alcohol medium. The explanation offered 
|i\ him is thus confirmed by the results of the present investigation 
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TRANSPORT COEFFICIENTS AND FORCE 
BETWEEN UNLIKE MOLECULES 

S. 0. SAXENA 

Indian Association foh tiik (iui/nwriON of Schoncm, Ualcittt v 32 
(Herr toed for publication Siplcinbet 21, 195(») 

ABSTRACT LClubomto compulations hu\«« been perinrmod ol the tiunsporl ( ocihcionls 
ul binary ^as mixtions, mz,, Imiurv vim osity, ((illusion and thermal conductivity, with n 
\ unv lo test tho mloc|uucy and appropriateness of the LcMiuurd -Jones 12 : 0 model m rep re 
sonuri^ Ilia like and unlike internet ions of the gaseous molecules. So lur in such attempts 
Hommvlml. Homi -empirical rules were assumed (.o assign the interaction energies and diamolms 
lor the collision of pairs ol unlike iuoloeules We have used, oil the otlioi hand, e j m / A values 
detormmed hum thermal dillusion. a property known to he much sensitive lor lorces between 
unlike molecules and r xl is calculated by lorroltding those i v tH\ \ a lues with (lie l.h< orelieul 
relation developed b\ Nmastuva, and Madau connecting the loice constants foi like and 
unlike molecules V fairly reasonable agreement is obtained between the olweived and 
calculated \ulues Iiom Ibeoiy, which con thins the .ulc<pnic\ ol I, lie Lrimard-Joucs 12. (i 
mudel us well as the ai curacy ol I he potential parameters 

INTRODUCTION 

The geneial results ol' the classical kinetic theory lor non-uniform gases \mc 
developed mainly liy Enskog and Chapman and are conveniently summarised 
b> Chapman and Cowling (1952) and Hirschfelder, Curtiss and Bird (1954) The 
theory, under certain limitations, expresses the transport coefficients in terms 
of collision integrals which depend upon the nature ol the in ter molecular field 
assumed to operate between the two molecules and upon the temperature. 
Hirsohfelder, Bird and Npotz (194N, 1949), Winter (1949) and others have shown 
that the model most in accord with the observed properties of gases is the Lennard- 
Jones J2 . 6 model 

MJ (J (r) - 4c, J L(r < >) 1 M^/0 t, J l W 

where c tJ is the* maximum binding energy between the molecules and r, 3 is tin* 
distance at which the attractive and repulsive potentials are equal. On this model 
Srivastava and Madau (1953) have evaluated the potential parameters for unlike 
molecules, utilising the temperature dependence of the thermal diffusion tact, or 
in view ol flic greater sensitivity ol thermal diffusion towards unlike interactions. 
In a recent paper, the author (Snxena, 1955a), has improved these calculations mid 

j Pro. sun I- millions. Research Associate, Institute of Molecular Physics, University 
Maryland, Maryland, 11 S A 
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, , computed the potential par am cl era foi a number of gas pairs to a higher degree 
approximation than before. r 12 can then be determined by substituting these 
ll values in the theoretical relation connecting the potential parameters for like 
„l unlike molecules developed by Srivastava and Madan (1053). Using these 
allies of c l2 jk and r l2 , binary viscosity, diffusion and thermal conductivity have 
, ( cn calculated for a number of gaseous mixtures and compared with the observed 
Mines with a view to deriving information about the law ot molecular interaction. 

2. T H NO K Y A N D K O K MUL A K 

For a binary mixture, the first approximation to the coefficient ol viscosity 
h u i veil by the relation 


LV,„ ir» ]l ~ 


I I -z v 

Xv+Y, ' 




when* 




z„-i! xM M 


( 7 ) 


■• V 2 , 

2a .ijj- 



ru. ' 

U/ 12 I 1 I'/ali 



Jj,', J.'lj | 


( iviJ/ 

\ 1 *2* I M i 

1 Visll 

1 dil f 1 M 2 I 

' IViJib/di 

1 [j;JA M, 

1 2.y- 2 | 

■ / 

[\ , 

\ / l»/.«l , 

dr*r. 

L'^12 ll \ . I \ 

1 VsiJ 1 



.uid 


kJi x io 7 - 


266 My/MfV 

rr iipWiT,*) ' 


I full* 10’ 


266 .93 X /'2M , M 2 T{M l + M .,) 


Mere - lt x 2 are the mole fractions of the species 1 and 2 of molecular weights 
I/t and M., respectively. and U 12 (?,l) * are functions of the reduced tem- 

perature 5f’* 2 , and are tabulated by Hirscli folder, Curtiss and Bricl (1954). The 
subscripts 1 , 2 refer to an interaction between a molecule of species 1 with the other 
<*l species 2 

The tn-th approximation lo the coefficient of mutual diffusion of a binary 
mixture of gases I and 2 is 


U^n\m~ 0.0026280 


V2 T3 ( # 1 + *h) /2AMI 2 

i>r,o 2 On 11,11 * (^12* ) 


f i;:v 


... (3) 
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where I) v > is the mutual diffusion coefficient in cm 2 /sec. p is the pressure in 
atmospheres and the correction factor j is best cvpiossed m the deteimimmi 
notation of Ohapman and Howling (1952) as 

/ (+) 

and is unity tor m — 1 Here stands torn deteimmant of (2//i-f l)-th ordci 
whose general element is n tr with i and j ranging from m to w. The term 
,1^ is the minor of and is obtained bv deleting tin* row and eoluiun contain- 

ing « nM . These elements, a ir are tunetions of tollision integrals, the molecular 
weights, and the relative concentrations ot the gases m the dittusiug mixture and 
are given by Mason (1954) foi ? and j 2 

Recently the author (1955b) has calculated the correction tactor for m -- l! 
and 9 for the particular tase ol A- He gas pair and have shown thal then contribu- 
tion is less than 9% Usually the experimental erroi in tin* detei minat ion ol 
l) Vi is also ol the same older, consequently loi our presold pm pose only the first 
approximation formula need be- considered. 

The coefficient of thermal conductivity foi a binary mixture of monatomic 
molecule is given to the first approximation by the formula . 


where 


Maui 


1 + -Z A 

-I- Y\ 


... (5) 
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H (n - 

. 4 A * 1 

■ ir> 1,2 | 


M...TI 

lA.MA.I, 

- W 1 

12 ( 5 ,5l ‘- 1 


5 / 1 2 

" 32.4 ,o* ( fi B|: * 

b) {M 

. - 

M 1 M, l ’ 

1J {2) 

■’ IB A <t 

| . (M,+ jW,) 2 

L 1 

\l Mj.l 
1\ |A, | 

1 . Ml2lj\ ! ■) 

. ‘ r lA.u f ! 


M.) 

,\ 1 and f‘ vl) art* obtained from /\ 1 and f T(M respectively by ail interchange of subs - 
eiipts. 

The. equation correlating * ia , r, s with f,,. c^and > n , r 2 ,, and developed by 
Nmastava and JVhidan (1953) is 

1 ia r i2° ^ *^(^i i ^ i r °2a)Ui 1 ^2)’ ■ (^*) 

where /,, are the ionization potentials for the individual components 

I I'AU'Ut \ TI(IN OF THANSI'OKT CORFIOHENTS 

I veeently the, author (Saxena 1055a) has evaluated the potential parameter t Vllk 
I nr iv munber of gaseous mixtures from the tempeiature variation of the thermal 
dilfusjon factor with the only assumption that the fiist, appi oxiniation foiinula 
bn the thermal diffusion factor gives the correct value. J11 a subsequent paper 
lie (Saxena 1055/;) has eiitically examined the consequences of this assimi])tion 
b>r 1 he particulai ease of A He gas pair and has shown that although the second 
approximation to Iheimal diffusion factor is approximately three percent highei 
dian the. (irst a])proximat ion, yet its effect on the determination of is insigni- 
ficant This is due to the circumstance that the difference 111 the first and second 
approximation to the thermal diffusion factor is probably not much dependent 
"ii temperature Hence our c. 12 /& values are preferable to those obtained on the 
assumption that f la is given by the geometric mean of and c 23 , the f*. Ul values 
hemg obtained from viscosity, a property more suitable for testing the adequacy 
"i any model rather than to determine the force constants. On the other hand, 
"ur f--nfk values have been determined from thermal diffusion, a property most 
sensitive to unlike interactions Saxena and Srivaslava (1955) have also deve- 
l"ped a method of finding c n from the temperature variations of the thermal 
hftusion factor, but its application at present is very much limited due to the lack 
"f reliable experimental data on isotopic thermal diffusion. 
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Equation (6) has been used to determine r, a . The forc e constants used for like 
molecules arc* (hose oh lamed from thermal diffusion and viscosity, and are given 
by Sri vaslav a and Mad an (1953). The ionization potentials of the gases used are 
those reported by Margenuu (1939) Those when substituted in equation (6) toge- 
ther with c, 2 values obtained from thermal diffusion yield the values for the force 
constant r Vi which arc* listed in Table 1, eol. 3 

TABLE T 

Force constants lor unlike molecules 



Thermal chflusion 1 

from equal: 

He- A 

27.91 

3 029 

Nr V 

97 9U 

.‘t 079 

Nc-Ki 

91 MS 

3 2S7 

Ne-Xe 

71 99 

3 490 

A Xe 

I9M 9 

:i 719 

JL.-A 

9 7 29 

3.249 

Hj-f !() 

r>2 tr> 

3.341 

IL-O, 

92 91 

3 1S1 


-1 8 . 09 

3 377 


Tables 11a, 111) and He give a comparison between the experimental values 
of the viscosity and those calculated from the potential parameters of Table 1, 
according to the equation (2) The experimental viscosity data listed in these tables 
is form Landed! -Bornstem, with the single exception of the H 2 -N 2 data of Van 
Itleibeek rt. al (1947) In Table 111 are leenrded the calculated binary visco- 
sities for Nc-Kr, Ne-Xe and A Xe gaseous mixtures for which no experimental 
data are available. 

Tn Table IV are recorded the values of \P i2 \i for those gas pairs for which 
the experimental data are available. Also shown are the values calculated for the* 
Lennard- Jones 12:6 model according to equation (3). The experimental data 
for H 2 -N 2 , H 2 -A mixtures is that of Waldmann (1944) while that for H z -N a , 
H 2 -0 2 , Ho- CO and He- A mixtures have been taken from Chapman mid 
Cowling (1952). 



Transport Coefficients and Foice between Unlike Molecules 151 


TABLE Ila 



Viscosity of binary 

mixtures (in 10 

7 B'u / 1 

cm see. 

) 




Ho-A 


Mix turn 


-No A 


l, (1 llr 

Tom]) 

. 293 c Tt ! Tump 373‘K ! 

1 ... . i 

“„N.. 

Tom]) 

293 U K 

Tom]). 

373 U K 

Thuor. 

j oxp. J Tliooi. 

oxp. 

Timur 

oxp. | 

Tlioor 

| oxp. 

0 

22 1 1 

2211 2074 

2.7 S4 

0 

221 1 

' 2213 

2074 

2003 

58 - 

2310 

22!) 1 2700 

271.7 

2.7 8 

2403 

2401 

2882 

288:7 

4') Oh 

2328 

2200 2777 

27.70 

30 00 

251 1 

2504 

2907 

2000 

] ill i 

101!) 

1073 2243 

2320 

73 2 

28 M 

2808 

3310 

3313 





100 

3008 

3002 

3.780 

3023 


TABLE 111) 


\lixl me 


1L 

-ro 


Mix Line 


II , 

A 


n||, 

Temp 

J 05 1 Iv 

Tomj) 

295* K 

'\,U 

Teni] 

203 r K 

Temp. 373“ K 


Timor 

oxp 

Timm 

exp 

Them 

oxp. 

Timor. 

oxp. 

0 

12.71 

1204 

1752 

1715 

0 

221 1 

2211 

2074 

2084 

J!) 27 

1230 

1250 

1722 

1717 

20 42 

2128 

2140 

250 1 

2580 

10 00 

1202 

121!) 

1 050 

1051 

11 57 

2040 

2050 

2454 

2488 

00 17 

J 080 

1081 

1404 

1440 

05 1.7 

1840 

1857 

2202 

2238 

100 

001 

070 

871) 

874 

100 

872 

875 

1 0 1 5 

1020 


TABLE Uc 


Mixtuu* Ha-Nj ; Mixture : Hn-O a 


Temp. 

82 r K 

Temp, 

, 202 U K 

°j,lv 

'Pomp 

Timm. 

. 800“ K 

Exp 

j Temp 

400°K 

Timor. 

Exp. 

Timor 

Exp | 

Timor. 

Exp 

571 

5 14 

1744 

1740 

0 

2005 

2057 

2500 

2508 

571 

.740 

1008 

1700 

IS 35 

2024 

2019 

250!) 

2507 

500 

521 

1001 

1000 

30 1.7 

1 93!) 

1925 

2394 

2381 

514 

403 

1 380 

1 300 

00.30 

1780 

1784 

2 1 85 

2192 

354 

302 

871 

882 

78 08 

1 52!) 

1494 

1803 

1858 





100 

880 

88!) 

1059 

1087 


>(io 
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TABLE 111 

Calculated viscosity of some mixtures (in l O ' 7 gm/cm. sec.) 


Mixture 

| JMe- Kt 

Nn- 

-Xe 

A-Xe 

%i»J tli(' 

1 mil tor 

Temp. ' K 

Tem| 

). K 

Temp. 

°JK 

romponenl 

, 200 300 

200 

300 

200 

30(1 

0 

1 7 1.5 2720 

1.740 

23 IJ 

1 .740 

4311 

2.") 

1873 208.7 

1723 

2.7 1 1 

1.7 S3 

2310 

.70 

2073 2H00 

1 04 3 

27.70 

1012 

2301 

7 r» 

2213 3028 

2203 

3008 

1 023 

2370 



2372 

31 N 

1 .702 

22.73 

[■ V gives 

only the calculated 

values 

of the 

diltusioji cot 

diioient 


these mixtures, at vai ions 1 empei a-tui'es 


TABLE IV 
L7> la j 1 m cm* see 1 

(Ins [mu i TompunUairc 27, T K Teinpomtuio 203 h 

i Exp. Cal. Cal Ex]i Cal. 

, ( Proaont ( author ) 

Work) 


He 

-A 

0 

041 

0 

044 

0 

033 


Jl . 

CO 

0 

0.7 

0. 

0.70 

0 

002 


II a 

A 







0 770 0 707 

It 

N s 

0 

074 

0 

0.77 

0 

078 

U 700 0 730 

h 2 - 

-<)» 

0 

007 

0 

008 





TABLE V 


Calculated IZ^J, m cm 4 sec." 

Temp. K. 'tump. U K. 


Oils pm 

100 


200 

300 

Can pmr 


200 

300 

He A 

0. J J 7 

0 

383 

0 752 

No-A 

0 

1 70 

0 323 

H.-CO 

0.112 

0 

380 

0 772 

Ne-Kr 

0 

J 20 

0 . 200 

li.-A 

0. IJ3 

0 

39.7 

0.797 

No- -Xe 

0 

J00 

0.221 

H l .-N 2 

0 113 

0 

385 

0 709 

A-Xe 

0. 

.072 

0 . J 1 3 

H r (), 

0 117 

0 

400 

0.819 
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Table VI gives a comparison of the observed and calculated valueB of A^ 
, waling to equation (5) fur the A He gas pair for which only the experimental 
./ of Waschsmith (1908) are availablo. Very recently wo have completed the 
.ri.ureinents of the thermal conductivity of some binary and ternary gas mix- 
, t * of inert gases in this laboratory, the results of which are being published 

i vvhore. 


TABLE VI 

Calculated and experimental values of A (in 10~ 7 cal.cm -1 sec." 1 deg." 1 ) for 

A-He mixture 



j 

\ Percentage I 
! ob tho i 

i lighter ; 

component | 

Experi- 

mental 

values 

i Calculated 

Temp. °K 

! Present 
author 

1 

Ilirsuh folder, 
Cui liss & 
Bird 

273 16 

U 0 

3S9 

389 

391 


27.04 

742 

749 

755 


4.3 37 

1077 

1093 

1102 


84 6S 

2320 

2417 

2439 


94 01 

2939 

3011 

3046 


100 0 

3386 

3418 

34G6 


4. DISCUHMLON OF .RESULTS 

'Fables 11a, lib and lie give the binary viscosities for monatomic -monatomic, 
monatomic-diatomic, and diatomic-diatomic gaseous mixtures respectively. It 
is seen that the agreement between theory and experiment is fairly good, being 
eve client in certain cases. It reveals that, the simple theory developed by Chap- 
niiin -md Enskog for monatomic molecules is also fairly successful in accounting for 
the transport properties of polyatomic molecules and leads to the conclusion that 
tins assumption of the theory is not very seven t 1 and can bo neglected for most 
of the work. The small difference observed may be duo to slight errors involved 
in llic Jbice constants for like and unlike molecules and the possible errors in the 
cxjh’ij mental determination of viscosity. In Table III we have given only the 
calculated values of tho binary viscosities for Ne Kr, Nc-Xc and A-Xo mix- 
tures, as no experiments with these mixtures have yet been performed, and it is 
cimlc curious to confirm these predictions of theory. 

In Table IV we have reported the calculated values of the coefficient of 
in lei -diffusion for a few gas pairs for which experimental data are available, to- 
fhdlior with the calculated values of Winter (1949). It is seen that tho agreement 
between the theory and experiment is very good and is somewhat bettor than that 
“blamed by Winter (1949), who determined the force constants for unlike mole- 
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culce from those for like molecules by using the empirical relationships , unfor- 
tunately a more detailed comparison could not be attempted due to the lau* 
of elaborate experimental data and awaits the determination of |D ia ] over a wide 
range of temperatures Tabic V gives some of the calculated values of [D l2 \ x 
for these gaseous mixtures at a few temperatures. 

The experimental values of thermal conductivity for the A -Ho gas pa it 
which aie listed m Table VT are m better agreement with the theoretical values 
obtained from using the Jot ee constants given in Table 1 than the calculated values cl 
the HirschJelder, Curtiss and Bird (1954) The latter investigators assumed the 
geometric mean rule Jor c 12 anti the arithmetic mean for r J2 . 

In a previous publication, the author (Saxena 1955a) has reported a detailed 
comparison of the calculated and theoretical values of the thrmal diffusion factor 
at various temperatures and concentrations for these nine gaseous mixtures and 
found an excellent agreement. Hero again wo lind a fairly good agreement for 
the coefficient of binary viscosity, diffusion and thermal conductivity. Tins 
elaborate comparison of theory and expci iment for non-equilibrium properties 
proves the realistic nature of the Leonard Jones 12 l> model. Tins report 
also provides a good illustration ol the use of force constants obtained from one 
transport property in predicting the other transport coefficients. 
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APPENDIX 

In a recent paper, the author (Saxena, 1955a) has reported the computed values 
of ' h'i thermal diffusion factor for several gaseous mixtures using an expression ob- 
i.uuoil on the approximation scheme of Chapman and Cowling (1952) Kihara 
(1019) has developed an alternative scheme for approximating the transport 
lOi'Hicieiits and finds [a], to be given by an expression of the same form 


[a], = (tic* 




hut- jiow Q * s are defined m a different fashion. 


As Kihara’s approximations are known to be more accurate it will be in- 
I cresting to note the differences in (a] t values on the two approximation schemes. 
Calculations show that in all cases Kihara’s values of [alj are higher than the cor- 
responding Chapman and Cowling values and let us denote the percentage increase 
by #(say). hi Table VII are listed the Z values for some inert gas mixtures of 
equal and limiting concentrations of the two components and refer to a tenipera- 
ime ol 327° K Tt follows from an examination of these figures that Z increase 
with mi reusing content of the heavier component, the increase being more in the 
beginning though the rate of increase differs from mixture to mixture. 

TABLE VII 

Values of 7j for some inert gas mixtures of equal and limiting concentrations 
of the two components 


% of the 
houvior 
eomponnn 1- 

£ j 

i 

! Ne-Kr 

Ni- -Xo 

A- Ho 

; A-Kr 

1 

a-: 

]<J 

2. i 

2 3 

5 . 0 

:i i 

1 g 

1 8 

GO 

4 

0. 

0 0 

9 8 

3 6 

5 1 

DO 

6.2 

10 

11 

13 

5 8 

7.8 


TABLE VIII 

Values of Z for some inert gas mixtures at a few temperatures 


i 

No -A 

Ne-Kr 

Ne-Xo 

A He 

1 

A-Kr 

A-Xu 

117 

2 

5 8 

- 

10 

— 

— 

185 

4.1 

6.2 

8 2 

10 

2 8 

2 ft 

464 

5 0* 

7 4 

8 5 

10 

4 0 

5 0 

585 

5.0* 

— 

8 5 

— 

4 2 

5 8 


*ThoH6 values refer to temperatures 736°K and 11G7°K. respectively. 

Values of Z for some inert gas mixtures of approximately 50-50 mole percent 
°1 the components are listed intable VITT. It follows from an inspection of this 
table that Z is also somewhat temperatures-d ependent , though it tends to a 
be siting value at high, temperatures and varies rapidly at low temperatures. 
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EMISSION SPECTRA OF MIXED HALOGENS 
PART I : IC1 
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P’atcs TV A&B 

ABSTRACT. Tho omission sport nun of K'l. ns oxuilod in u oomlonsod rhsehurgo fi run 
a 20 KV. I -nnsform *i und in u Ingli hoquonoy rhsrhu ref • from a 100 wnK oscilhilor, is nbiiln- 
grapherl on ditioront liisLinm-’nis fiom tho vsihlo down to »ho vacuum. ulLm violet Tho 
spooti um oxoitod ill uundonsod discharge lcvealoj a now system o)’ thsureio hands, about 
300 in number, in Lho logion from \1100 to \3S00 Vdn'.ilionul .uulysis ol Lhws' \ muh 
has lod to tho lollowing quantum foimula 

v = 23907.0 -I- 173.2(1/ + 1/2) - 1.1 V b l/2j* 

- 209 7(<’" -l- 1/2) I- 1.9(7'" r 1/2) 


From tho equality of tho vibrational constants. tho louei statu ol this system is nlontifyiil 
as tho II i statn of tho nonr infrared absorption hands of 1U1 A study ol tho uhlounc isotupn 
uffoet for some of tho bands on tlio short wavelength end of the spectrum ib also made 

Spectra phot ographed in tho vacuum ultraviolet legion on an ono metre normal mcidtmco 
vacuum grating spin trograph, ro\euJod two system i in the legion A 1910 to \ 1070, known 
oarlior in absorption. Vibiationnl analyses of those systems proposed earlier, are extended 
to includo somo more new bunds obtained in emission. 

INTR O D U C T X O N 

Numerous investigations have been carried out in the absorption spectra 
of the mixed halogen molecules J Cl, IBr and BrOl by different workers Cordes 
and iSponcr (1932), Brown and tlibson (1932), Brown (1932), Darbyslnre (1932), 
Mullikcn (1934) and others A band system m tho near infrared region, both in 
IC1 and IBr, in absorption, was interpreted as due to a transition from the normal 
state 1 X + to an upper 3 llj state. In addition to this, transitions from ground state 
to two other upper states 3 II 0 and 0+ in each of tho two molecules, were also 
found to give rise to two band systems in the risible region. The potential 
energy eurves of the latter two states intersect with each other giving rise to 
pre dissociation in tho visible bands. After intersection, tho 0 + statc dissociates 
mto normal a P a/2 iodine atom and an excited 2 P 1/2 chlorine atom while the 3 lio 
dissociates into normal atoms. 


m 
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Each of the three molecules IC1, IBr and BrCl gives rise to two sets of absorption 
i ontinua, one in the visible region and the other in the quartz ultraviolet region. 
Those continua were interpreted as due to the transitions from stable normal 
■i bate to different repulsive upper states. In the vacuum ultraviolet region, two 
systems wore reported and analysed in the absorption spectra of all the three mole* 
rules by Cordea and Sponer (1932). The lower states of these systems were 
identified as the uormal state ol the molecule while the upper states were inter- 
preted as belonging to £ 2 r -ai coupling type. 

Our knowledge of the emission spectra of the three molecules is rather meagre. 
While exciting 1C1 vapour in the presence of nitrogen in fluorescence and high 
frequency discharges, Fillipov (192S) obtained a single band with intensity maxi- 
mum at A4350. Similarly, when a mixture of nitrogen and IBr vapour was excited 
in the high frequency discharge, four maxima at A4120. 3800, 3455 and 3045, 
and in fluorescence some diffuse bands at about A2000, were observed. 

Recently, Asundi and V enkat.es warulu (1947) studied the excitation of [Cl 
and IBr vapours in an un condensed discharge from a transformer. In both 
cases they obtained a number of broad diffuse bands. Tn the case of 3 Cl a broad 
coni ilmoiis band extending from A5640 to A5120 and a series of diffuse bands in 
the region lying between A4S00 to A3700 were observed. In IBr also they reported 
similar diffuse bands in the region from A5200 to A2300. The lower states of all 
these diffuse bands, observed in emission were interpreted by them as repulsive 
states arising from the combinations of cither neutral or exicited atoms. The 
upper statc*s were, tentatively suggested as the upper stable electronic levels of the 
I wo vacuum ultraviolet band systems observed in absorption by Cordes and 
Npoiior (1932) in each case. 

In the course of our attempts to excite the spectra of mixed halogens, it has 
(>mi found possible to excite new characteristic spectra of IC1 and IBr m the 
visible region The present paper deals with the results of investigation on IC1 
molecule, while those in the case of IBr and BrOl are proposed to be discussed 
in u subsequent communication. A preliminary report of the results obtained m 
the case of 1CJ and IBr has already appeared in Current Science (1956). 

R XPER1M K N T A h 

The emission spectrum of I Cl is excited both in a condensed discharge from 
iv -0 k.w. transformer and in a high frequency discharge from a high power oscil- 
lator (100 watts). A pure Merck sample of liquid iodine monoohloride, dark- 
brown in colour, is used in these investigations. When the spectrum is excited 
in the transformer discharge, the discharge tube employed is made of an ordi- 
uary pyrex glass tube of length 30cm. and diameter 20mm. drawn into an adaptor 
oi ' oae en d through which it could be evacuated by a system of evacuating pumps. 
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The other end of the discharge tube is closed with either a quartz or a fluorite 
window. Two tungsloii electrodes are fused into two vertical side tubes of the 
main discharge tube. The substance is contained in a small bulb which is attached 
by pressure tubing to a side tube provided near the window of the main discharge 
tube. The vapour pressure of the substance could be regulated by controlling a 
pinch-cock fitted to the pressure tubing. The discharge tube is continuously 
evacuated through one or two liquid air traps by single stage Edwards oil diffusion 
pump backed by a Cenco By vac pump, A large glass condenser of capacity 
1.3 X 10- 3 mfcl. is connected across the two secondary teiniiiials of the high tension 
transformer. Different high secondary voltages are applied to the two tungsten 
electrodes of the discharge tube through an auxiliary spark gap included in series 
in the secondary circuit. As the width of the spark gap is adjusted, it is found 
that an intense greenish-blue emission due to the atomic line spectra of iodine and 
chloiine fills the central portion of the discharge tube When the pressure ol 
I Cl vapoui is regulated through the pinch-cock, a characteristic bluish emission, 
weaker in intensity, surrounds the intense line discharge This characteiistio glow, 
which is of molecular origin, has been photographed when different high 
voltages are applied across the electrodes and also under various pressure con- 
ditions of 101 vapour inside the discharge tube. 

Ill the visible region, spectra arc photographed on Fuess and Hilger three, 
prism glass Littrow spectrographs using Ilford Special Rapid Panchromatic plates. * 
Exposures varying troin 5 to 15 minutes arc found adequate for good reproductions 
of the spectra. In the ultraviolet region Hilger medium quartz instrument is 
employed to photograph a the spectrum on Ilford Special Rapid plates. An one 
metre normal incidence vacuum grating spectrograph having a uniform disper- 
sion of 17. 3A /mm, is employed to record the speetrum in the fluorite region. 
On this instrument exposures of one to two hours' duration are given on Ilford 
Q 2 plates In this region wavelengths of band heads are deduced, taking iodine 
lines as the internal standards. 

When the spectrum of I Cl is excited m the high Irequency discharge from 
a 100-watt oscillator, a discharge tube made of pyrex glass of length 30 cm. and 
diameter 20 mm, drawn into an adaptor at one end and carrying a small side tube 
at the other Hat end is taken. The flat end is closed again either by quartz or 
fluorite window and the container of the substance is attached to the side tube 
by pressure tubing. From the adaptor side the discharge tube is continuously 
evacuated through a liquid air tower by the same system of vacuum pumps. When 
the R. F. voltage from the oscillator is applied by means of external electrodes 
bent round the discharge tube, an intense bluish emission, free from all impurities, 
is observed. This emission ib photographed on the same instruments referred 
to above. 
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RESULTS 

The emission spectrum of IC1 as excited in a condensed discharge, consists 
>. a large number of bands in the visible region from A4400 to A3S00, in addition 
• . i some of the bands belonging to the well known visible systems observed in 
,-h, sorption above A 5500. The general appearance of this system taken on Fuess 
instrument is shown m Plate IV A. To make sure that the emitter of these hands 
ts J(!|, the spectra of l a and TCI in the region from A 6400—3800 aie reproduced 
m tills plate in justaposition Tl. can be seen that there is an overcrowding 
ol hands on the longer wavelength side and a general lali of intensity towards the 
.short wavelength end. A distinct leature of the spectrum is the occurrence ol 
c t pi i spaced prominent red- degraded bands whose mtensitv gradually falls from 
lonirer to shorter wavelengths. Photographs of the spectra taken on the 
Lit tro vi instrument are reproduced in Plato IVB which correspond to the 
spectra taken at two different secondary voltages, 10 KV. and 20 KY. respoc- 
trveJy it can be seen from Plate IVB, corresponding to 20 k..u. the bands m 
the set li um appear better resolved than m that reproduced in Plate IVB, corres- 
ponding to 10 KV A few more atomic lines also make their appearance in 
the higher voltage spectrum. In ail, about 300 bands have been measured in 
the region be L ween A440U to A3800 

In tlie quartz ultraviolet region, no discrete bands are recorded, but only 
some of the continuous bands reported earlier by Asundi and Venkateswarulu 
(11)47) are observed In the vacuum ultraviolet region two systems are observed 
in the region bet. ween A 1010 to A1070. These are found to be identical with 
(hose obtained by ( Wiles and Mponer (1032) in absoiption. In the present 
emission pictures some more additional bands belonging to both the systems 
arc obtained. The two systems are reproduced in Plate IVB. Duo to self 
absorption, some of the emission bands appear like absorption bands. 

The spectra excited in tlie high frequency discharge from the 100 watt osci- 
llator reveal the above two systems m the vaoeiuun ultraviolet and a number 
ol coni imams bands in the visible and quartz ultraviolet regions, known earlier to 
occur in the spectrum excited in an uncoudensed discharge. The extensive system 
ol discrete bands in the visible region reported, as occurring in the condensed dis- 
cliaige, is absent in this source. 

VIBRATIONAL ANALYSTS 
A'rw Ai/stem in the region A4400 to A3 800 

Tins system consisting of about 300 bands is not previously reported either 
Ul emission or in absorption. Table I illustrates the band head data along with 
their intensities and assignments. The bands arc measured on the plates taken. 
011 t'ho higher depression of 7A°/mm. at A4000 of a Hilger throo prism glass Littrow 
iivl nimcnt. Under the dispersion of this instrumnt, the bands appear well resolved. 
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TABLE I 


Wftvn- 

length 

Wuve- 

numluM 

Jut. 

Assign- 
ment. 
v', v " 

WliVH- 

lt‘Ugl.ll 

Wuve- 

numboi 

Int 

Assign- 
ment 
u', v" 

4424 3 

■22506 

1 

4,10 

1330.0 

23040 

2 


1305 7 

22743 

0 

8,13 

4337 6 

23048 

2 


4303 . 6 

■22754 

1 

0, LI 

4330 4 

23054 

5 

10,13 

4302 K 

22758 

it 

i 

4335 1 

23004 

0 

9,12 

4302 0 

22702 

1 

5,10 

4332 6 

23074 

4 

8,11 

4300 3 

22771 

•>, 

4, 0 

4330 4 

23080 

5 

7,10 

4388 2 

22782 

2 

3. 8 

4328 0 

23004 

4 


1385.7 

22705 

2 

o 7 

4327 0 

23101 

5 

6, 9 

1383.0 

22800 

2 

1. 0 

4325.0 

23115 

7 

5, 8 

4381 0 

22810 

0 

1 

4323. 1 

23125 

3 

- 

4370.7 

22827 

3 

0. 5 

4322 1 

23130 

7 

4, 7 

4377.8 

22836 

1 


4320 8 

23137 

4 


4374.5 

22853 

1 


4318.8 

23148 

7 

3, 0 

4372.1 

22860 

2 


4310 5 

23100 

a 

i 

4370 . 0 

22874 

3 

12,10 

4314.5 

23160 

0 

2, 5 

4308.8 

22883 

3 

1 1,16 

4312.3 

23183 

2 

i 

4307 3 

22801 

3 

10,14 

4310 8 

23101 

7 

l, 4 

4305 . 8 

22800 

2 

8,13 

4308 4 

23204 

4 

l 

4304.2 

22007 

3 

8,12 j 

4306.5 

23214 

8 

0, 3 

4300 . 9 

22925 

2 

6,10 

4304.3 

23226 

2 


4358 4 

22038 

3 

5, 0 

4303 4 

23231 

0 

9,11 

4350 3 

22940 

4 

4, 8 

4301.6 

23241 

3 

■ 

1353 0 

22003 

1 

3, 7 

4300.7 

23245 

3 

8,10 

4352 4 

22009 

2 


4298 0 

23200 

6 

7, 0 

4350.3 

22080 

6 

2, 6 

4290.2 

23270 

3 

i 

4348.0 

22080 

3 

i 

4294.3 

23280 

3 

0, 8 

4340.9 

22008 

4 

1 * ! 

4202 7 

23289 

1 

\ 

4341.3 

23028 

- 


4291.5 

23295 

4 

5, 7 

4344 1 

23013 

2 

i 

4289 0 

23300 

3 

i 

4343.0 

23010 

5 

0, 4 

4287. K 

23315 

0 

4, 6 


23034 


4340.2 


4280 1 


23315 
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TABLE I (Contd.) 


Wave- 

length 

Wave- 

number 

Tnt. 

Assign- 

ment 

v ', v" i 

1 

Wave- 

length 

Wave- 

number 

Ini 

Assign- 
ment. 
v\ v" 

'1284 5 

23333 

1 

1 

! 

4206 . 8 

23764 

3 


1283 6 

23338 

5 

3, r, 

4204.4 

23778 

5 

8, 7 

1281. H 

23348 

2 

> 

4202 . 3 

23790 

8 

1, 1 

1280.1 

23357 

1 


4200.5 

23800 

6 

7, 6 

1279.2 

23302 

5 

2, 4 

4196.2 

23824 

10 

0, 0 

4277 r» 

23372 

2 

i 

4195 2 

23830 

5 

6, 5 

1270.3 

23378 

2 


4189 7 

23861 

6 

5, 4 

4274.6 

23387 

6 

1, 3 

4188.7 

23867 

3 


1273.1 

23396 

2 

i 

4186.7 

23878 

3 

U, 9 

4272.0 

23402 

2 

0,10 ! 

1184.8 

23890 

4 

4, 3 

1269.7 

23414 

8 

0, 2 j 

4182 2 

23904 

4 

10, 8 

1268 . A 

23420 

3 

8, 9 ' 

4178.4 

23926 

4 

3, 2 

4260.0 

23431 

2 


4177.2 

23933 

3 

9, 7 

1264 , 8 

23441 

4 

7, 8 

4175.3 

23944 

3 


4263.8 

23447 

2 


4172.1 

23060 

5 

2, 1 

4261.7 

23453 

5 

6, 7 

4171 7 

23964 

4 

8, A 

1258.9 

2347*1 

2 


3170 2 

23973 

5 

22,18 

1257.7 

23480 

4 

5, 6 

4169.2 

23979 

6 

14,11 

1253 2 

23505 

5 

4, 5 

4167.4 

23989 

7 

7, 5 

4248 9 

23529 

3 

3, 4 

4166.4 

23995 

9 

1 , 0 

4244 0 

23556 

4 

2, 3 

4184 7 

24004 

3 

13,10 

4212.4 

23505 

4 


4161 .4 

24021 

4 

6, 4 

4240 4 

23576 

4 


4160 4 

24020 

3 

12, 9 

4238.6 

23586 

5 

1, 2 

4159.6 

24034 

4 


4233.2 

23616 

7 

0, 1 

4158.3 

24041 

4 


4229,0 

23640 

3 

6, 6 

4156.3 

24053 

2 

18,14 

1220 3 

23055 

3 


4155.6 

24057 

3 

5, 3 

1220.8 

23685 

2 


| 4154.3 

24065 

2 


S 21 5.3 

23716 

2 


4152.3 

24076 

3 

17,13 

4213.6 

23726 

5 

3, 3 

! 4150 4 

24087 

3 

10, 7 

4209.5 

23749 

2 


, 4149.5 

24091 

5 

' 4, 2 

4208.1 

23757 

6 

2. 2 

4148.2 

24100 

4 

16.12 
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TABLE I (Contd.) 


Wave- 

length 

Wavo- 

nnmhdi 

Tut 

Aumgn - 
merit. 

v', v" 

Wnve- 

lenglh 

WllVL'- 

numbm 

Ini. 

Aamgn 
menl, 
o', v" 

4140.8 

24108 

3 

23,1 H 

4108.7 

24332 

3 

i 

4145, (i 

24 1 1 6 

4 

0, 0 

4108.1 

24 335 

8 

3, 0 

4144,7 

24120 

5 

15,11 

4107 3 

24340 

4 


4144.1 

24 124 

2 

i 

4106 4 

24345 

6 

8, 4 

414:1.0 

21130 

4 

3, 1 

4105 6 

24350 

4 

19,13 

4141.8 

24 1 37 

2 

! 

4104.4 

24357 

4 

13, 8 

4141.1 

24141 

6 

21,10 

4103 1 

24365 

4 

25,18 

4139.1) 

24148 

0 

14,10 

4101 3 

24376 

5 

18,12 

4130.1 

24153 

0 

8, 5 

i 

4100.6 

24380 

3 

7, 3 

4137 0 

24160 

5 

20,15 

4008 7 

24301 


12, 7 

4137.1 

24165 

0 

2, 0 

4006 7 

24403 

3 

23,16 

4135.0 

24172 

1 


4005 7 

24400 

2 

17,U 

4134.7 

24170 

0 

13, 0 

4004 0 

21410 

i 

6, 2 

4133. H 

24 184 

5 

7, 4 

4003 2 

24424 

3 

11, 6 

4133 0 

24 1 80 

0 

10,14 

4002 1 

24430 

3 

22,15 

4120.7 

24208 

5 

12, 8 

4000 8 

2443 K 

4 

16,10 

4120 I 

24212 

3 

i 

4080 0 

24444 

1 

i 

4128.2 

24217 

6 

0, 3 

4088.8 

24450 

2 

i 

4126.0 

24226 

4 


4088 0 

24455 

1 

21,14 

4124.0 

24230 

1 

24,18 

4087 0 

24461 

5 

3, 1 

4124, 1 

2421 1 

5 

11, 7 

4085.3 

2447 1 

4 

15, 0 

4122 5 

24250 

7 

23,17 

4084 . H 

24474 

2 

i 

4121 3 

24257 

4 

5, 2 

4083 . 3 

24483 

5 

20,13 

4110.8 

24200 

2 

16,11 

4082.2 

24400 

3 

■ 

4118 0 

24271 

4 

10, 6 

4080 6 

24490 

5 

9, 4 

4117.7 

24270 

2 


4070 8 

24504 

7 

4. 0 

4116.4 

24286 

2 


4078.5 

24512 

3 

10,12 

4114.9 

24205 

5 

4, 1 

4076.2 

24526 

2 

l 

4113 2 

24305 

3 

0, 5 

4075.3 

2453 1 

4 

24,10 

4111.2 

24317 

1 

i 

4073.6 

24541 

4 

8, 3 

4110.4 

24322 

4 

20,14 

4072.7 

24547 

0 

i 

4100 6 

24320 

4 

14, 0 

4070.6 

24550 

2 

23,15 
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TABLE I (Contd.) 


Wave- 

length 

Wave - 
number 

Ini 

Align- 

ment 

v" 

Wave- 

length 

Wave- 

number 

lnt. 

Aamgn - 
mont 
v', v" 

K)70 0 

24559 

- 

23,15e 

4024.8 

24839 

■> 

i 

10(18. 1 

24575 

2 

12, 0 

4023 6 

24 846 

•> 

24,14 

1057 3 

24579 

4 

7, 2 

4022 9 

24851 

3 

10, 3 

10(10 2 

24580 

2 

22,14 

4021.8 

24857 

3 

19,10 

1061 2 

24598 

4 

27,18 

4020,9 

24863 

- 


-1002 7 

24007 

2 

i 

4019.5 

24872 

3 

14, 6 

1001 7 

24013 

1 

11, 5 

1018.4 

24878 

2 

23,13 

•4000. 1 

24023 

5 

6, 1 

1016 8 

24888 

0 


4058 2 

24634 

2 

i 

4015 7 

24895 

2 

9, 2 

1050 !) 

24642 

3 

i 

4012 7 

24914 

3 

13, 5 

4050 0 

24648 

3 

15, 8 

4009 0 

24937 

o 

17, 8 

4051 K 

24655 

4 

10, 4 

4005 4 

24959 

2 

12, 4 

4052,7 

24668 

7 

5, 0 

4004 2 

24967 

1 

i 

4051 2 

24677 

2 

19.11 

4002 4 

24978 

3 

1C, 7 

1019 5 

24687 

2 

14, 7 

1001 2 

24985 

0 

i 

4018.3 

24695 

3 

9, 3 

4000 6 

24989 

•* 

7, 0 

1010 1 

24708 

2 

i 

3997.7 

25007 

4 

11, 3 

4041 .3 

24719 

1 

18,10 

3996 0 

25018 

3 

15, 0 

1043 3 

24725 

4 

13, 6 

3994 5 

25027 

2 

i 

1042 I 

24 733 

1 

i 

3993 8 

25032 

4 

19, 9 

40JO 9 

24740 

2 

S, 2 

3992 7 

25039 

2 

l 

4030 7 

24747 

2 

22,13 

3990 . 9 

25050 

4 

10, 2 

4038 5 

24755 

1 


3989.9 

25056 

2 


4030 S 

24765 

3 

12. 5 

3989 1 

25061 

3 

14, 5 

1031 7 

24778 

2 

j 

3986 7 

25076 

3 

18, 8 

4033.7 

24784 

2 

7, 1 

3985.8 

25084 

1 

i 

4031 8 

24790 

2 

16, 8 

: 3984.1 

25093 

1 

1 

1029 3 

24811 

2 

11, 4 

3981 8 

25071 

3 

13, 4 

1028 r. 

24816 

o 

25,15 

3980.5 

25115 

2 

21,10 

1020 4 

24829 

6 

6, 0 

3979 9 

25119 

2 

17, 7 


15, 7 


U)25 4 


24835 


3979 . 3 


25123 
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TABLE I (Contd.) 


Wave- 

length 

Wave- 

number 

Int. 

Assign- 1 

ment 

v', V " | 

Wave- 
len — th 

Wave- 

number 

Int. 

Assign- 
ment 
v' t v * 

3077 7 

25133 

2 

i 

3954.3 

25282 

2 


3070 0 

25140 

] 


3952.7 

25292 

4 

21, 0 

3075 3 

25148 

4 

8, 0 

3950.8 

25304 

4 

9, 0 

3074.2 

25155 

o 

12, 3 

3949.2 

25314 

1 

i 

3073.2 

25101 

i 

10, 0 

3947 . 4 

25326 

1 

i 

3970.0 

25170 

0 

i 

3045.5 

25338 

4 

20, 8 

3000 5 

25185 

0 

i 

3943 1 

25354 

2 

12, 2 

3968 7 

•25190 

0 


3939 . 9 

25374 

3 

23,10 

3006 0 

25203 

5 

11, 2 

3937.8 

25388 

0 


3905 . 8 

2520S 

2 

15, 5 

3936.2 

25398 

1 

15, 4 

3004. 0 

25220 

1 

- 

3935 1 

25405 

a 

11, 1 

3903.1 

25220 

l 

1 

3934 0 

25414 

0 

i 

3961.0 

25239 

0 


3931 8 

25426 

0 

i 

3000.1 

25245 

2 

22,10 

3929 5 

25441 

2 

18, 0 

3958.9 

25252 

3 

10, 1 

3926.8 

25450 

3 

10, 0 

3957.3 

25203 

3 

18, 7 

3925.0 

25470 

3 

21, 8 

3955 . 5 

25274 

0 

i 





Note • The isotopes 
assignment columns. 

Ol 1.1 IH 

neighbouring 

hands lire 

marked bjr the letter (i) in 


The clearly rod-degraded prominent bands marked on the reproduction, Plate IVB 
represents unambiguously a long progression which served as the starting point 
in the analysis. The order of AG{v) intervals between successive bands in this 
progression is 170 cm -1 and does not appear to coincide with any of the known 
frequencies of the low excited states of XC1. This suggests the probability that 
the above progression may be an upper state progression. Some of the fainter 
bands lying on the long wavelength side of the prominent bands arc regarded an 
sequence members. Oil this basis, an analysis could be built up with the order oi 
vibrational frequencies of 170 and 210 cm -1 for o>' e and respectively. This 
analysis is displayed in Table II. It can be seen from this table that the pro- 
minent bands belong to the v' progression with v n = 0. Most of the bands 
could be fitted m the scheme. The AG(v) values corresponding to the difference 
between any two consecutive vibrational levels of either of the two states are 
found to be consistent throughout the scheme. These differences are also found 
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PLATE IVA 
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Emission spectra ol Ij and I Cl rxiilid in condmi (I d’srhaige undi r ulrntual conditions 
I'ucss speclrogiams. 

a i, a a — Iodine 

b,, bj — I Cl. 
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TABLE II 

Vibrational analysis of I Cl emission bands in the region A. 1400 to A 3900 
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Yo/e. The places marked with { X ) are superposed by atomic lines. The bands given in figures occur twice 
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to fall regularly with increasing vibrational quanta. The following vibrational 
formula is found to represent most of the bands. 

V = 23907.0 -1- l73.2(u'+]/2)-l.l(v'-f 1/2) 2 
-209.7(v' , -l-l/2)+1.9(w ,, + l/2) a . 

From equality of the vibrational constants, the lower state of this system is identi- 
fied as the 3 II 1 , upper state of the near infrared absorption bands of TCI. 

In systems of this type, involving higher vibrational quantum mum hers, jt 
is natural to expect the chlorine isotope effect, at least for some of the favourable 
bands. The evidence of the chlorine isotope effect can be seen clearly for some 
of the bands lying on the short wavelength end of the spectrum taken on the 
Hilgcr glass Littrow instrument, (Plate 1VB). The isotope separations to be 
expected for the molecule ICl aB and Id 37 are calculated from the usual formula 

v' —v -= (p— i)K' K-I-2)— “/ K-K) 8 - 1 */ f, v" K-l-s) 8 ]- 

Bands for which v < v ft> the isotope head due to the less abundant molecule I OP 7 
lie on the longer wavelength side of the main band head due to the more abundant 
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molecule IC1 35 . For bands lying on the long wavelength side of the system 
,,i igiu (v < vj, the isotope component falls towards the shorter wavelength side 
( >t the mam head. The isotope heads arc detected for about seventy bands. The 
agreement between the observed and calculated separations can be seen from Table 

m 

The intensities of the bands shown in vibrational matrix, Table TV, are visual 
estimates on an arbitrary scale of 0 to 10. It is seen that the locus of the bands 
uf maximum intensity iH a Condon parabola of the type to be expected for such 
values of to and as 173.2 and 209.7 cm -1 respectively. 

In figure 2 are drawn the potential energy curves for the lower and upper 
stales of the above new system. The curves arc drawn by using the wollknown 
Aloises relation. Since the lower state of this system is identified as the *1^ state, 



>- r a 

Fig, 2. Potential energy curve of I('l. 

* he constants JtJ e , x c % , r e and .1J P are taken from the vibrational and rotational 
analysis of the a II 1 state ol the near infrared absorption bands, by previous workers. 

* 0 the upper state, the value D e — 6480 cm -1 is extrapolated graphical ly b y 
drawing the &G{v)—v curve, (figure l). The r ( , value which is approximately 
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TABLE III 

Isotope effect of ICI bands 


1 1 !i7 

Cl a-. 

TIJ7 

P137 

ri:: 

7 Ola's 

li a 7 

0137 

1 / 

v" 

Pal. 

01)H. 

v' 

v" 

Cul. 

Obs. 

10, 

0 

31.0 

33 

8, 

4 

9.6 

13 

11, 

0 

2H 8 

30 

2, 

4 

9.5 

10 

8, 

0 

25.0 

26 

1, 

4 

13.0 

13 

7, 

0 

23.0 

22 

0 , 

1 

16. 7 

15 

(i. 

0 

19.0 

18 

15, 

5 

24 1 

23 

5, 

0 

16.8 

13 

1 1, 

5 

14.3 

15 

4. 

0 

13 0 

14 

14, 

5 

21.8 

22 

3, 

0 

12.2 

13 

3, 

5 

9.8 

10 

2, 

o 

0.8 

a 

2 

4 

13.2 

14 

11, 

1 

30 0 

3J 

l . 

K 

lb 7 

15 

10 . 

1 

27.3 

26 

0 , 

O 

20.4 

* 

7, 

1 

18.7 

19 

18, 

0 

26.9 

27 

6, 

1 

15 6 

16 

13, 

0 

15.fi 

17 

fj 

1 

12 5 

n 

0 , 

6 

5 3 

5 

4, 

1 

9.3 

o 

4, 

6 

9 9 

10 

3, 

i 

Ji.O 

0 

3, 

0 

13.3 

12 

12, 

2 

28.4 

28 

2, 

6 

16.7 

18 

11, 

2 

25 8 

27 

1. 

6 

20.2 

21 

10 , 

2 

23 1 

23 

16, 

7 

17.2 

19 

0 , 

2 

20 3 

17 

6, 

7 

10.1 

11 

8, 

2 

17.4 

15 

3, 

7 

16.7 

17 

7, 

2 

14.5 

* 

2, 

7 

20.1 

21 

6, 

2 

11 4 

10 

20, 

8 

24.2 

24 

5‘ 

2 

8 3 

7 

16, 

8 

L0.3 

18 

0 , 

2 

8.9 

6 

15, 

8 

14.1 

14 

12, 

3 

24 4 

22 

6, 

8 

10. 1 

99 

11, 

3 

21.8 

22 

6, 

8 

13.2 

10 

10, 

3 

19. 1 

22 

14, 

0 

8.7 

9 

9, 

3 

16.3 

16 

7, 

9 

10.1 

10 

8, 

3 

13.4 

15 

22, 

10 

21.8 

25 

0 , 

3 

7.4 

5 

19, 

10 

16.5 

18 

5, 

3 

4.3 

4 

9, 

11 

9.7 

10 

J, 

3 

0.2 

9 

22, 

13 

14.3 

14 

0, 

3 

12.9 

12 

20, 

13 

10.8 

9 

13, 

4 

23.1 

23 

8, 

13 

[7.5 

15 
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13 
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Mote — The components marked with * are superposed by atomic lines. 
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TABLE IV 

Intensity distribution of IC1 bands (A4400 to A3800) 

1 2 3 4 6 6 7 8 9 10 11 12 IS 14 15 10 17 18 19 


a 10 

t 10 

9 
8 

A 7 

7 

0 6 

7 5 

8 4 

0 4 

10 3 

n 

hi 

13 

11 
1.7 
Hi 

17 

18 

19 

20 
21 
22 
23 
:M 
25 


7 ft 8 

8 5 6 

5 6 4 

4 4 5 

5 5 4 

5 4 3 

5 4 0 

2 4 4 

2 4 

2 3 

3 4 3 

2 2 4 

2 2 


5 3 

7 4 

5 0 

3 5 
5 

6 

4 5 

6 7 

6 6 

5 3 
4 

2 4 

2 3 

3 3 
3 

1 2 


6 2 

7 4 2 

6 7 4 2 1 

4 4 7 3 1 

3 5 3 5 2 

6 4 6 5 

6 5 3 3 

4 3 

4 3 4 

3 5 3 

2 2 5 3 

4 4 6 3 

3 2 4 6 

3 2 3 4 

13 2 4 

2 2 

2 3 3 1 

4 3 

4 

3 4 2 

2 
3 


1 


4 


2 

2 

2 


3 

6 


5 

4 

5 
3 


0 

6 

5 


3 

4 

5 

2 

2 


2 

3 


2 

6 

4 

1 

2 

2 


3 


5 

3 

2 

2 


3 


3 

4 


7 


5 

3 

4 
4 


TABLE V 

Vibrational analysis of IC1 bands in the region A1910— A1800 


v* 

\ 0 1 2 3 4 5 6 

' \ 


1 

53478 380 

53098 378 

52720 378 

52342 



(53478) 

(53090) 

(52723) 

(52341) 



■130 



434 


1 

53914 

(53910) 



(52776) 



429 



420 


2 

54343 

(54343) 



(53202) 



420 





5 

54709 37ft 
(54770) 

(54391) 



(53250) 


419 

407 




4 

55188 390 

54798 383 

(54415) 375 

(54040) 



(551 85) 

(54798) 




41(1 

424 

425 


(54107) (53347) 

5 

55604 382 

55222 382 

54840 



(55604) 

(55225) 

(54840) 





420 

421 


403 

f) 


55042 381 

55261 378 

54883 373 

(54610) 365 (54145) 

7 


(55640) 

(55203) 

(54885) 



(55293) 370 

(54923) 







Ao<<\ The bands bracketed are newly obtained in tho present work. 


'the bonds unbracketed belong to Cordes and Sponor’s data. 
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STUDY OF RECTIFYING CHARACTERISTICS OF FeS 2 AND 
GERMANIUM POINT CONTACT RECTIFIERS 

J. N. DAS 

COLLEGE OV SCIENCE, RAJPUtt 

(Received for publication , November 20, 195G) 

Commercially available germanium diodes OA70, OA71, OA74, OA54 and 
cleaved pieces of FeS 2 crystals with uniform surface were used. Base of the FeS 2 
crystals were ground flat and cmbeclcd m wood's alloy to establish non-rectifying 
large area base contact. Pointed tungsten whiskers of 2 to 3 mil diameter were 
used as metallic point contacts on the crystal surface. The P. C. characteristics 
of the points were determined with the help of a vacuum tube voltmeter and a 
multi-range microammetcr, after examining them by a C.R.O. in the usual way, 

To detect the presence of photo injection with or without bias, the contact 
was illuminated by a small spot of white light of area 0.01 sq. mm. and the 
changes in the current were noted by a galvanometer. A typical P.C. 
characteristics is shown in the figure ]. 

The value? of the contact potential difference (j), and of spreading resistance 
R„ were determined from the graph by following the method indicated by Gihfcn 
(1952); while a was determined from the slope of ln(i) — (I ii?J giaph. The 
typical values of <j> } Ji s and a so obtained are shown in Table I. 

In the case of FcS 2 no change in current due to illumination w as observed, 

In the data the value of a is observed to depend on <j> and is lower for points 
with high </>. A similar observation on galena has been reported earlier by the 
author and his co workers {Das 1956). Further the observed values of <j> are 
found to vary over the crystal surface and in general are high for FeS 2 than for 
germanium. 

The observations could be explained by taking into consideration the effect 
produced by trapped immobile electrons in the surface states together with the 

172 
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TABLE I 


Crystal 

0 

volts 

R* 

ohms - 

a 

Temperature 

°C 

FoSij 

IW 

0.24 

403 

30.0 

28.0 

IIW 

1 .in 

500 

9 . 0-3 . 2 

27.4 

II1W 

0 79 

503 

4 0 

27.2 

vw 

0 40 

351 

19.0 

27.2 

VI w 

0.32 

688 

30 0 

28.4 

Germanium 





OA70 

0.22 

113.5 

29.0 

27.2 

OA71 

0.23 

173.0 

27.0 

27.2 

OA74 

0.21 

126 0 

33.0 

26.8 

OA74 

0.17 

134 0 

42 0 

27 2 


Results obtained from experiments on photo injection are shown in Table IT, 

TABLE T1 


Cry .* i tal 

Rovorsn 
direction 
cui lent on 
application 
of bias 

Change in 
reverse direction 
current on 
illumination 
of contact 

Contact pot. 
diff. inferred 
from C.R O. 
trace 

Vi'S, w 

con tart 

20— OOgA 

0 IgA 

0 . 5 volts 

(*e 

ISoctlfaPl’S 

G.QfiA 

0 4gA 

0. 2-0.3 volts 


KMi/'/l burner at metal semi-conductor contact. In the region where the density 
ol ti apped electrons is high strong repulsive field for approaching electrons can 
be assumed to be present, and as a consequence, points situated in this region 
have a higher contact potential difference. Hence, in general, assuming a certain 
transmission co-efficient for the electrons that cross the barrier into the metal at 
the contact, the diffusion equation of Mott (1948) can be ’written as 

j — finev F—De. dnjdx ... (1) 


which gives 


j — finev F. exp.— fief/f/kT (exp /leV/kT) 
and a = fiejkT, 


( 2 ) 
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Fjg 1. Forward current voHago characteristics of a typical point contact rectifier 

where j — current- density, fi — transmission eo-efficicnt <1, k Boltz- 
mann constant, e — electronic charge, v ~ mobility of current carriers, I) — 
diffusion constant, V — the voltage across the barrier. To explain the data 
presented above, /? has to vary between 1 and 1/5 or so. 
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NEW EMISSION SPECTRUM OF CHLORINE IN THE 
SCHUMANN REGION 

P. B. V. HARANATH and P. TIRUVENGANNA RAO 

(Received for publication, August 8, 1956) 

Following our work on the emission spectra of the halogen molecules I 2 
(lUianath & Rao, 1956) and Br 2 (Haranalh & Rao, 1956) the emission spectrum 
oi chlorine as excited in high frequently dischar ge from a 100 watt oscillator 
vi as photographed in the Schumann region using an one metre normal incidence 

vacuum grating spectrograph having a dispersion of 17.3 A/mm. Two new 
extensive hand systems were observed, one lying in the region A1820 to A1G30 
ami the other in the region A1630 to A1400. 

The first system consists of about 70 bands occuring in different groups. 
Sonic of these groups on the longer wavelength side consists of line-like bands 
lying close to each other, while the bands belonging to the other groups on the 
short wavelength side appear red degraded. The second system in the region 
Al(i:5() to A1400 consists of about 80 bands some of which are very intense and 
are clearly degraded towards red. These bands are found to belong to a few 
prominent progressions, being separated by a wavenumber interval of 460 cm" 1 , 
flinch j‘n roughly equal to tho vibrational frequency of the upper state. The 
vibrational constants of these two systems are given in Table I, which also contains 


TABLE I 


Stable electronic 

chlorine molocule : 

levels so 

far observed in the spectrum of neutral 

Position of 
tho level, 
cirri 

Designa- 

tion 

Frequency 

Remarks 

75000 

O 

— 

A number of continuous bonds in the region X 2565 — 

X 1850 arise in tho levels 0 and 1 and have their lower 

67700 

1 


levels, low repulsive states, (Venkateswarulu, 1047). 

63075 

J 

460 

J — X gives emission bands in the region X 1630 to 
X 1400 analysed in tho present work. 

58250 

H 

208 

H — X gives omission bands in the region X 1820 to 
X 1630 analysed in the present work. Some continuous 
bands in the far ultraviolot region also arise in this 
level (Venkateswarulu, 1947). 

18311) 

B 

230 

X — B gives absorption bands in the region X 6760 to 
X 4800 (Elliot, 1030). 

0 

X 

564.0 

Ground state. 


175 



P. B. V, Haranath and P, Tiruvenganna Rao 176 


the data relating to various other electronic states previously identified in th.i 
spectrum of chlorine, These levels are designated by analogy with the corres- 
ponding levels observed in the case of iodine and bromine. 

Details of the analyses and the nature of the electronic states involved in the 
these two systems will bo published shortly. 
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ON THE ULTRAVIOLET ABSORPTION SPECTRA OF 
FROZEN SOLUTIONS OF DICHLOROBENZENES 
IN ISOBUTYL ALCOHOL 

8. B. HOY and 8. 0 81RKAR 

Optics Department, Indian Association for the Cultivation of Science 
Calcutta- 32 

(lieceived for publication t November 10, 1 050) 

ABSTRACT. Tho ultraviolet absorption spectra of ditto rent solutions of ortho-, meta- 
aiul para (hcliloj'obanzono m isobutyl alcohol frozon and cooled t-o — 1B0°C have hoen invosti- 
and compared with those duo to the pure substances m the vapour, liquid mid solid 
il.itc.s. It is found that the splitting of the bands observed in tlio spectra due to ortho- and 
inHii dicldorobenzone in the solid slate by previous workers does not take place in the 
el 0.2% frozen solutions of those compounds m isobutyl alcohol The spoetra in the 
liittci case mo not exactly identical with tho.so duo to the substances m the vapour state, 
Th,> speclm due to Die 25% solutions in the fiuzen state, however, are more complicated 
mill | hey can be analysed by assuming that they Ji.no been produced by the superposition 
ig tin* sped mm due to the crystals of the pure substance on that due to the very dilute 
miliii nm in each ease There are, liowevei, discrepancies between the positions and relative 
jMionsitics of the hands m the superposed sped, nun and that observed m the case of tho 26% 
solution m both the eases. 

In the ease of 25% solution of pimi-dichlornbenzeno in the solid state at — 180°CJ tlio 
sped nun is almost identical with 1,1ml due to the pure substance ut --lRO'C. The spoctium 
dm lo the 0.2% solution at .— 180 f ‘0, on the other hand, is not identical with that due to the 
Mipom. because certain prominent bands observed in tho former ease are nol found in tho 
liittci i use and some strong bands clue to the vapuui are almost absent in llin Hpectrum duo 
(n i I k (i 2% solution These results have been discussed in the light of the existing theories. 

I N T K O D UOTION 

It was observed by Swumy (1952. 1953) that in the case of the disubstituted 
ten/, ei u* compounds in which one of the substituents is a halogen atom (the other 
hiiIisI ii uuiit being something other than any hydroxyl group) either in the ortho 
<>!■ m the nieta position, the ultraviolet absorption spectra for the solid state at 
- I b»n' C! show splitting of the absorption hands, hut when the halogen atom is 
•i) llio para position, no such splitting is observed. This splitting of the bands 
" ,ls explained on the hypothesis that the molecules of these disubstituted benzene 
compounds in the solid state gel strongly associated with each other through 
mutual linkages owing to the presence of strong permanent electric moment, 
When the halogen atom is in the para position, the permanent electric moment 
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being very small, only weak virtual linkages between the molecules are formed at, 
— 180°0, but no such linkages are formed at the room temperature, and such 
bonds being symmetrically distributed in the molecule, no splitting of the energy 
level occurs.. 

Recently, the ultraviolet absorption spectra of the solutions of the isomeric 
nhJoro- and bromo toluenes at diffeient temperatures have been investigated (Roy, 
1956) to understand the cause of such splitting of the bauds. It has been observed 
that when the solution is very dilute and is transparent in the solid state the 
ultraviolet- absorption spectrum shows no splitting of the bands, but when the 
concentration of the solution is very high and the frozen mass is translucent the 
absorption spectrum consists of broad bands which are found to be produced bv 
the superposition of the two systems of bauds, one being due to the dilute frozen 
solution and the other due to the pure substance in the solid state. The absence 
of the splitting of the absorption bands in ihe case of the dilute frozen solution 
was, therefore, explained on the assumption that in dilute solution, the molecules 
being thinly dispersed in the solvent, the distance between adjacent molecules 
of the solute is too large to produce associated groups of molecules and so the 
splitting of the energy level is absent , The dispersed molecules behave like 
single molecules and absorption spectrum is similar to that of the vapour. 

Swamy (1953) also observed similar splitting of the ultraviolet absorption 
bands of ortho-dichlorobenzene in the solid state, but no such splitting was obsen 
ed in the case of paia compound. 

Recently, Sen (1956) observed such a splitting of the absorption bands m the 
spectrum of nieta-diehlorobcnzenc m the solid slate. The number and rcluliyr 
intensities of the components into which the hands are split up, appear to be dif- 
ferent for the different molecules. It has not yet been possible to explain why 
this variation lakes place. The study of the absorption spectra of these molecules 
dispersed m different environments might throw some light on the origin of the 
these components. The results of investigations on the absorption spcetia of 
the isomeric dichlorobenzenes dissolved in isobutyl alcohol in the solid stale have 
been discussed in the present paper. 

EXPBlllME .N T A L 

The experimental arrangement m the present investigation was the same 
aH that described in a previous paper (Roy, 1956). Chemically pure samples oi 
ortho-dichlorobenzene obtained from m eta-dichlorobenzene from Theodor 

iSchuchardt-Munchcn and para-dichlorobcnzene from E. Merck w'ere used in tin* 
investigation. All the liquids including the solvent w’ere distilled repeatedly 
before use. (Solutions of different concentrations varying from 0.2% to 30% have 
been used. The absorption cells used in the present investigations are the same 
as those described in a previous communication (Roy, 1956). The absorption 
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i |ra of the pure substances in the liquid and solid states were also studied 
I i,] 10 nature and positions of the bauds in the spectra were found to be the 
ai|ic as those observed by previous workers (Swamy, 1953 ; Sen, 1956). Only in 
lKl . 0 f o-dichlorobenzene in liquid and solid states there was a deviation of 
3 A. Swamy measured the wavelengths with the help of mercury arc lines 
a)U l in the present investigation, iron arc spectrum has been used for comparison. 



36000 38000 40000 v in om -1 

Fig. 1. Miorohphol omotrie records of the ultraviolet absorption 
spectra of o-diohlorobonzeno anti lie solution in isobutyl alcohol, 
(a) Frozen 25% solution at — 1H0°C. (6) 25% solution at SO^C. 
(c) Frozen 0.2% solution at — 180°C. (d) 0.2% solution at 30°C. 
(e) Pure solid at — 180°C. (/) Pure liquid at 30°C. 
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The frequencies of the absorption bands were measured with the holp of micro, 
photomctrie reeoids as explained earliei (Hoy, I95t>), Although an Adam Hil^r 
medium quartz spectrograph was used in this investigation, the wavelengths could 

be measured correct to about 0.5 A by this method. 



30000 38000 40000 v m cm~ J 

Fig. 2, Mierophotometrie records of ultraviolet absorption 
sportra of m-diuhlororobenzono and its solution in isobutyl 
alcohol at different temporaturoa. 

(a) Frozon 30% solution at — 1 H0°O. (6) .30% solution at 

30°C. (c) Frozen 0. 2% solution at — JS0°C. (cZ) 0.2% solu- 
tion at 30°C. (e) Pure solid at - j 180°C. ( / ) Pure liquid at 

3(FC. 
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36000 38000 40000 v in pnr< 

Fig, 3. Mifroplioloinotric reroute of ultraviolet ubsorption 
spectra of solution of p-diehlui obonzeno m isobutyl alr-ohol at 
different, t einj icra tu row . 

(a) Frozen 25% solution at — 1B0 C (\ (6) 25% solution at, SOT, 

(c) Frozen. 0,2% solution at — 180' (\ (d) 0.2% solution at 
SOT. 

It JG S U L T fc? 

The microphotometric records of the spectra are reproduced m figures 1 , 2 
and 3 and the wave numbers of the bands with approximate intensities and pro- 
liable assignments arc given in Tables I- VI Some of the prominent bands 
observed by previous workers in the spectra, of these substances in the vapour 
state are also included in Tables I } JU and V. 
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37190 (s) i'„-i-95S 
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TABLE II 

Absorption spectra of o-dichlorobonzcne. 


Puro solid at — 180°C i EroKon solution in isobutyl alcohol at — 180°C 

(Swamy, 1953) ! 0j2% 25% 








r ui »an- ] 

Alignment 

! v m cm'i 

Assignment 

v in unv“ J 

Assignment 

(w) 

C 0 

3(5169 (vs) 

v„ 

35980 (sb) 

Vo 

:s;»!i99 (vh) 

A 0 

36599 (w) 

v„ | 431 

36366 (sb) 

v o +»S0 

36443 (m) 

I3 0 

37199 (vs) 

v„-\ 1030 





36673 (m) 

t>o h 693 

30086 (w) 

c, 

37630 (m) 

Vu-\- 430 





+ 1030 

3701 2 (sb) 

r o +1082 

.'17040 (vs) 

A, 

38229 (s) 

v„ | 2x1030 

37386 (sb) 

v () ~\ 1032 

374 si (in) 

Hi 

38607 (w) 

v 0 1 430 + 2 X 

+ 380 



1030 



377:10 (vw) 

c , 

39249 (w) 

iVj i 3 X 1030 



3 SOSO (h) 

An 

39683 (vw) 

v„-\ 3 X 1030 



38521 (ni) 

lb 


4 430 



39121 (h) 

A s 

40284 (vw) 

v u -\ 4> 1030 




I) 1 S (UJ S S I O N 

o-Dirlilorubpnzcne dissolved in isobutyl alcohol 

Tin* results in Tallies I and II show that in the ease of 0.2% solution of o-di- 
chlorobenzeue m isobutyl alcohol in the liquid state, the v 0 -band shifts from its 
[losition in the vapour state by 182 cm 1 towaids longer wavelengths This 
shill increases to 233 cur 1 when the concentration is increased to 25%. In 
llie ease of pure liquid, this displacement of the v ,,-band is 310 cm- 1 . So, the 
inlmnoleeiilar field in the pure liquid has greater influence on the position of the 
1 ',,-htind Ilian in the case of the solution. This is probably due to the chlorine 
atoms in the molecule. In the case of 0.2% solution the absorption spectrum 
( mi be analysed as progressions of excited state frequencies 430 and 1031 cm 1 
which were also observed m the case of the vapour. The bands due to the pure 
liquid arc slightly broader and only the progression ol excited state frequency 
1035 cm - J is prominent, the other bands due to the excited frequency 430 cm 1 
being just perceptible. 

On comparing the absorption spectrum due to 0 2% frozen solution with that 
due to pure substance in the solid state at — 180°C. it is found that the splitting of 
well hand into an intense, central component and two weak satellites on both 
«idcs observed in the latter ease, is absent in the case of the frozen solution of 
strength 0.2%, but the bands due to the frozen 0.2% solution are slightly broader. 
H lien the strength of the solutionis increased to 25% and the frozen mass 
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appears to lie opalescent, tho band system undergoes remarkable changes. Ah 
though each band seems to be split up into three components in this case, ih<. 
relative intensities of the components arc different from those observed in the 
case of the crystals of pure o-dioldorobcnzeiie (Svvaniy, 1953). Also the eonij. 
nuous absorption, starling just on the short wavelength side of the v 0 -hand 
increasing rapidly towards shorter wavelengths observed in the spectrum duo 
to the 25% solution at — 180° 0, is not exhibited by the spectra of the pmo 
substance in any state or of the 0,2% solution in the liquid or solid state. 

The assignments shown in the last elunin of Table II have been made assuming 
the first band on the long wavelength side to be the v 0 -band, but the excited stale 
vibration frequencies 386 cm -1 and 693 cm -1 , deduced in this wav, are not observed 
in the spectra of the pure substance in different states. So, au alternative assign, 
men! was tried. The positions of the bands at 35980, 36673 and 37012 cm" 1 due 
to the 25% solution al — 180' Care almost identical with those of the hands al 
35999, 36686 and 37040 cm 1 respectively due to the crystals of the pure subs- 
tance. Hence, the former three bands may be due to crystals of o-dichlorobeuzeiu' 
which might have been formed while the 25% solution was cooled and frozen 
In that case, the remaining hands duo to this solution should he due 1o i lie 
molecules of the substance dispersed in the rigid glass as in the case of the 0.2% 
■solution at — 180°C\ It is found, howevei, that the frequencies of the bands al 
36366 cm -1 and 37386 cm -1 due to the frozen 25% solution arc slightly logins 
than those of the corresponding hands clue to the frozen 0 2% solution. Heme 
the two hands m the former case arc not. due to single molecules dispersed m rigid 
glass. They may be due to complex groups of molecules formed by association 
of the molecules of the solvent and the solute al the low temperature The 
continuous absorption increasing towards shorter wavelengths observed in tin* 
case of the 25% solution may also be due to those complex groups. Thus the 
spectrum produced hv the 25% solution at - 180 L, 0 is produced bv the super pom 
tion of two different spectra, one due to the complex groups and the other due 
to single molecules dispersed in the rigid glass 

Tl can be seen from figures 1(c) and 1(d) that the v 0 -band due to the pure 
crystals is sharper than that due to the 0.2% solution at— 180°0. This shows that 
irregular distribution of tho isobutyl alcohol molecules in the frozen cvbotuctic 
groups in the rigid glass produces an interniolecular field varying within certain 
limits. In the case of the pure crystals of o-dichlorobenzene the arrangement 
of molecules being regular the field has a definite distribution around each molecule. 
Whether the splitting of the bands iu this ease is due to asymmetry in the distri- 
bution of this field or to some other cause will be discussed after comparing fin 1 
results obtained in the case of all the three dichlorohenzenes. 

M eta-di 'chtvrobenze n <•. : 

It was reported previously by Sen (1956) that each band observed in the 
(rum due to m-dichloro benzene in the liquid state splits up into three coiujio- 



TABLE III 


Ultraviolet Absorption Spectra of Frozen Solutions, etc. life 




186 


8 , B> Buy and S . C, Sirkar 


TABLE IV 

Absorption spectra of m-di chlorobenzene 


Pure solid at — 1B0°C 


Frozen solution in isobutyl alcohol at — 180°C 


(Son, 1956) 


0 . 2 % 


30% 


v in cm-* 

Assignment 

! v in cm -1 

1 

Assignment 1 

j v in tm-i 

Assignment 

3/5853 (m) 

Co 

30129 (vh) 


36025 (sb) 

*0 

36022 (b) 

Ao 

36512 (w) 

*0 + 383 

36428 (wb) 

vo + 403 

36418 (») 

Ho 

36122 (vs) 

*,+ 993 

37012 (h) 

Vo + 987 

36825 (w) 

O 0 + 972 

37506 (v») 

*1 + 383 

37122 (m) 

vo + 1097 


+ 993 



36939 (m) 

Cod 1086 

38112 (a) 

*,+ 2X993 

37414 (b) 

v 0 + 987 




+ 403 

36094 (s) 

Ao 1 972 

38494 (w) 

r 0 +2x903 
-| 383 

37512 (w) 

v„ + 105)7 

37108 (a) 

A 0 1 1086 

39110 (m) 

*.+ 3X993 


+ 403 

37300 (s) 

Ho -19 72 

39495 (w) 

w 0 1 3 X 993 

38J10 (in) 

*1+1097 

! 383 


+ 987 

37504 (s) 

Bo + 1086 

40102 (w) 

*, + 4x993 

38513 (w) 

*,-| 1097 

37796 (w) 

Co 4-2 x 972 




+ 987 -1-403 

37910 (w) 

C 0 + 972 +108(1 





37968 (w) 

A„H- 2x972 





38080 (m) 

A 0 + 972+ 1086 




38192 (w) 

Ao + 2 X 1086 





38361 (w) 

Bo + 2 X 972 





38479 (m) 

B 0 + 972-1- 1086 




38590 (w) 

Bo + 2 X 1086 





38883 (m) 

Co + 2X972 






+ 1086 






nents when the liquid is solidified and cooled to — I S() 0 C. As shown in figure 2(c), 
the first component on the longer wavelength side is hardly visible while the 
second and third components are much stronger and they are jjuite sharp. 
The spectrogram due to the 0.2% solution reproduced in figure (2c) does not 
show any such splitting of the bands. The second weak band from the left m 
this spectrogram is clue to the excited state vibration frequency 1)83 cm h 
In the case of the pure crystals the band corresponding to this transition 
superposed on the third component of the v 0 -band. The v 0 -band due to the 0 2% 
solution at — 180°C is much wider than that due to the pure crystals in this rase 
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Absorption spectra of p-dichlorobenzene 
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also and the inter molecular field in the rigid glass varies within wider limits in tlus 
ease than in the ease of the ortho compound. The spectrum due to the 30% solu- 
tion in the solid state cannot be explained by assuming that it is produced by su- 
perposition of the spectra due to the pure crystals and the 0.2% solution. Tlic 
centres of the bands coincide with those of the prominent hands due to the pure 
crystal, but the relative intensities and widths of the bands are different in the 
two cases and the increase of continuous absorption towards shorter wavelengths 
is absent in the case of the pure crystals. Hence in this case also, the bands may 
be due to the crystals of the pure substance distorted by the presence of solvent 
molecules inside the rigid glass. The presence of continuous absorption extending 
over a wide region, which is observed in this case but is absent in the spectra of 

TABLE VI 

Absorption spectra of p - rl ich 1 oroben zci \ e 


Frozen solution in isobutyl alcohol at — 1 80°C 
0.2% 25%, 


Pure solid at — 180°C 
(Swamy, 1953) 


v in cm -1 

Assignment 

35593 (vs) 

Vo 

36102 (m) 

rod -569 

36330 (m) 

Vo + 737 

36045 (vs) 

rod- 1052 

30842 (m) 

v n d- 1 249 

37066 (m) 

rod* 2 X 737 

37210 (m) 

rod- 1052-| -569 

37382 (m) 

r 0 + 1052-1-737 

37696 (s) 

r 0 -|-2xl052 

37896 (m) 

r u d- 1 249 d- 1052 

38116 (w) 

rod ]052d-737 
x 2 

38435 (w) 

r 0 H-2X1052 
d-737 

38008 (vw) 

r 0 + 1052+737 
d* 1249 

38748 (a) 

r fl -f 3X1052 

38950 (vw) 

ro + 1249d” 2 

X 1052 

39180 (vw) 

r 0 d- 1052 4- 2 


X 737 


r in cm -1 

Assignment 

35742 (vs) 

*0 

36092 (w) 

r„d- 350 

36459 (w) 

rod-717 

36784 (vs) 

rod- 1043 

37134 (w) 

r n d- 1043 d- 350 

37511 (w) 

r 0 + 1043 + 717 

37832 (s) 

r„ f 2X1043 

38183 (w) 

rod - 2 X 1 043 
350 

38546 (w) 

Pit -f- 2x1 043 
d-717 

38875 (ms) 

rod-3 X 1043 

30918 (m) 

rod- 4 X 1043 


J v m cm-i 

Assignment 

35052 (s) 

Vo 

30221 (w) 

r 0 d" 569 

36392 (w) 

rod- 740 

36699 (s) 

ro-|1047 

30916 (w) 

r„d- 1264 

37122 (w) 

v 0 -1-2x740 

37316 (w) 

rod- 1047-1-509 

37442 (w) 

r 0 -1-1 047 + 740 

37753 (s) 

ro + 2 X 1047 

37965 (w) 

m+1204 +1047 

38185 (w) 

rod* 10474-2 

X 740 

38808 (s) 

rod' 3 X 1047 
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thi pure crystals or of the solution in the liquid slate indicates, that the solvent 
jjn, Strides in the solid state produce some fundamental change in the spectrum.' 
I>,., bably, only a small percentage of the molecules crystallise out to form small 
alii tea and the other nieta-diehlorobenzene molecules intei penetrate the 
t . v bf >1 actio groups of the lsobutyl alcohol molecules and form weak bonds with 
diom in the solid state. 


p< t m -die ft lorobenzene. : 

The spectrum due to frozen 25% solution of p-dichlorobcnzene in jsohutyl 
alcohol, shown in figure 3(a), is identical with that due to the crystals of the pure 
substance reported by Kwamy (1053) and the bands are much sharper than those 
due to the liquid. The thicknes of the cell used m this case iN about 01 mm 
anil it is quite likely that the major portion of the dissolved p-dich lorobenzene 
is separated out as crystals of the pure substance when such a cell is cooled to 
1NO°0 and the absorption due to these crystals being much larger than that due 
to the other molecules dispersed in the rigid glass, only the spectrum due to the pure 
substance is observed. The influence of the solvent molecules on the spectrum is 
to shift the band system t.owaids longer wavelengths by about 262 tin 1 from its 
position in the case of ihe vapour. This shift increases ns the concentration is 
increased and in the case of the pure liquid the shift is 408 cm. 1 When the 0.2% 
solution is fiozcn, the hands become still wider unlike those due to the 25% solu- 
tion and a strong continuous absorption is superposed on the hands Assignments 
shown in the fourth column of Table VI have been made taking into consideration 
only the tops of the peaks. Each of the bands at 36784, 37832 and 38875 cm*" 1 
( Mil however, be assumed to consist of two bands, one at v 0 +«Xfl50 cm -1 and 
another at v () -|-w.X 1050 cm 1 (n --- l, 2, 3), but in the case of the vapour the 
frequency 050 cm 1 is not observed and at— 180 u 0, the a— m; transition is not possible. 
The sped rum due to the crystals of the pure substance also does not show transitions 
cm responding to such a vibrational frequency. Hence, the appearance of these 
» J -\frii hands is duo to some other cause. Figures 3(a) and 3(e) show that if we assume 
(he v 0 -band to consist of two hands, one at 35590 cm -1 and another at 
35490 cm -1 , the spectrum due to the frozen 0.2% solution appears to consist of 
two systems, one similar to that reproduced in figure 3(a) ancl the other displaced 
from it hy 100 efn~ l towards longer wavelengths. The latter spectrum may be 
due 1o the single molecules dispersed in the rigid glass ancl the former due to small 
srruupK of the /i-dichkirobenzene molecules which are present in the rigid glass. 
This hand system due to these groups of molecules differ from that due to the 
pure ciystals in two respects, viz,, the continuous spectrum observed in the 
former case is not present in the spectrum of the pure crystals and the bands 
due to the crystals are much sharper than those due to the groups of 
niiilcnflcH, 
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There is a significant difference between the spectrum due to the pure crystals 
and that due to the vapour. The transitions corresponding to the excited stute 
frequency 331 cm -1 produce hands much more intense than those due to frequencies 
528 cm' 1 and 725 cm' 1 in the spectrum due to the vapour (Anno and Matubara, 
1055), but such transitions due to the frequency 331 cm _1 ore absent in the case of 
the pure crystals, although the other two feeblor bands are distinctly observed m 
figure 3(a). In the Raman spectrum of the crystals at — 18<)°C this line is quite 
intense (Ray, 1951) and therefore it appears that only m the excited electronic 
state of the molecule in the crystal the corresponding vibration is restricted 

Influence of Davydov splitting on the spectra of the pure crystals : 

The influence of environment, cm the absorption spectra of molecules in crystals 
was studied theoretically by Davydov (1948, 1952) arid the theory has been extended 
to crystals of anthracene belonging to the space group 0 & 2h by Craig and Bobbins 
(1955) and to crystals of uaphthnalene by Craig and Walsh ( 1956). Tn the ease of 
anthracene crystals containing two molecules per unit cell, Craig and Bobbins have 
calculated the Davydov -splitting of the smglet-singiei absorption system at 2500 

A°. They have shown that for a chosen set of wave vectors k n and k b in a sheet o( 
molecules in the ah plane of the crystal and for a chosen molecular excited state, 
there are two crystal states of energies E tt >® (k tt , k b ) so that 

E tt (k„, k b )—Ef*{k„, k b ) = 20(1 + cob {k a . «)-|- cos {k h . b)- f cos ( k„ . a+k h . h)} 

where C denotes the value of the interaction integral between the two molecules 
of a unit cell, a and b being the primitive translations along a and b axes 


As the unit cell has a centre of symmetry like the molecule, only the transi- 
tions allowed in the case of the single molecule are also allowed in the case of the 
crystal The transitions in the crystal which are related to the transitions either 
along the short axis or along the long axis of the anthracene molecule have then 
a-componcnt polarised in the nr, plane and the /7-component along the 6-axis 
Craig and Bobbins have calculated the shift of each of these components from 
the position of the band due to the single molecule in the case of both short-axis 
and the long-axis transition. They have found that for the short-axis transition 
the calculated mean shift (AE a -]-AE^)j2 is 5200 cm" 1 towards lower energies, while 
for the long axis transition this shift is 4000 enr 1 towards higher energies when 
the value of the oscillator strength f is taken as 2.3. Also, the calculated interval 
between the a and 6 components has been found by them to be 16,000 cm -1 for 
the long-axis transition and 1000 cm" 1 for the Bhort-axis transition. From the 
experimental results obtained by them they have concluded that the system at 

2500 A observed in the absorption spectrum of anthracene vapour behaves hkc 
that due to the long-axis transition in the molecule. 
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The crystals of jj-djchlorobeuzene also belong to the space group C 5 2h and 
11 k unit cell contains two molecules (Hendricks, 1933). In this case also each 
In. unit-ion in the molecule is expected to be split up into two components, one 
jhil-o iHcd in the tic plane and the other along 6-axis with the change from gaseous to 
Hi) !.iI state. Also the mean position of the two components is expected to be shifted 
Inwards higher energies in tho case of a transition along the axis passing through 
tlir chlorine atoms and towards lower energies in the case of a transition along the 
slim I cr-axis. In the present investigation and also in those by Svvamy (1953) 
only poly crystalline masses were used and the two components are expected to 
appeal simultaneously in the spectrum due to the polycrystalline mass. It 
,iin be seen from the spectrograms reproduced m figures 4 and 5 in Plate VA 
ol the paper by Swamy (1953) that no conspicuous change takes place in 
tin- spectrum when p-dich loro benzene in the liquid state is solidified and cooled 
to HOT except a shift of the system by about 200 ciir J towards higher 
energies. Tf the observed system is assumed to constitute one of the two 
components the other system being at a much shorter wavelength, the same 
system should also appear at — 180°C, because the space group of the crystals 
remains unaltered at — 180 u (3 (Krishna Murti, 1956). Actually, however, the 
speel.i uni undergoes changes with the lowering of temperature of the crystals and 
the hands become much sharper, and a continuous absorption appears in the short 
wa\ elength legion beyond 2537 A. Small changes in the intermolecular dis- 
tance without changes of space group cannot bring about such changes in the in- 
fluence due to environment according to Davydov's theory, taking into considera- 
tion onh dipole-dipole interaction. Hence these changes m the spectra are due 
to some other changes in the 7r-elcetrons of the ring which may he produced by 
iomiation ot weak bonds between neighbouring molecules. The strong conti- 
nuous absorption appearing in the spectrum due to 0.2% solution in rigid glass 
at — IS()°C piobably indicates that such changes m the Tr-clectrons take place 
even when the molecules form very small groups in the rigid glass. 

The crystal structure either of o-dichlorobenzene or of m-diehlorobenzene is 
not known and therefore the influence of environment on the spectra cannot be 
cslimatcd applying Davydov’s theory, If, however, the splitting of the bands 
observed in the spectrum due to the pure crystals of these substances he due to 
the dipole-dipole interaction, it is difficult to interpret the intense continuous 
absorption observed in the spectra due to frozen 25 % solutions of these two 
compounds. It is, therefore, quite probable that the observed splitting is due to 
80,11,1 changes in the 7r-electrons which take place only at short distances 
between the molecules and not due to influence of environment expected from 
Davydov's theory. 
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ABSTRACT Thu present work jh devoted to l ho design ol' lour-tormiual networks 
l 1H \jiiir proscribed input and output capacities lor a fast transient response with little or no 
uvn shoot. The requirements for such a poiformunce are first studied, The conditions 
dull t he* time response of the network 1ms uo overshoot, and the hounds on the time Dispense 
mU, hy the capacities have boon obtained. The pole configurations thut may achieve the 
(kiind chamctonstics are described, Methods foi realising the required pole distributions 
,m* InrmulaLed, and Home circuit arrangements aic suggested 

1 1NTKO J) V 0 T I O N 

Tlie transmission property desirable* of a pulse transmission system is fast 
l espouse with little or no overshoot and oscillation Excessive overshoots and 
ns< illations are lo be avoided for they cause pulse interference. Filters designed 
on Hie basis of flat, amplitude characteristics alone cannot meet the requirements. 
The maximally flat amplifier, for example has too flat an amplitude response and 
loo non-lniear an associated phase shift characteristic to give a monotonic res- 
ponse to a step input The attendant dispersion in time response can, in some 
measure be mitigated by employing all-puss phase correcting networks. But, 
this adds to the complexity of the system. Our attention here will, therefore, 
In* directed to such minimum phase-shift networks as have an amplitude response 
ilmvasmg at a proper rate and an associated linear phase shift in tire frequency 
interval of primary interest to ensure a nearly monotonic response, 

In this work, a study is first made of the conditions that the step response 
lias Id t,h* overshoot or oscillation. It is shown that, the logarithmic* curvature of 
Hu* impedance function is intimately related to the nature of the response. It 
is proved that the amplitude- function, with all its derivatives, must continuously 
(UuTcase m magnitude if the response is not to exhibit large overshoots. J he 
hounds set on the time response by the characteristics of the impedance function 
are tlicn considered. The problem of establishing limits on the gain/rise time 
latro is attacked by representing the transfer impedance as the combination of 
positive and negative impedances, each including a parallel capacity. Phis leads 
k> the formulation of Ihe optimum impedance characteristics and the necessary 
general structure for realising it. 

19A 
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A method for realising the pole distributions that achieve the desired charge, 
tenstics is then formulated and some circuit arrangements are suggested. 


2. CONDITION S FOR A MONO T ONE OR SI5MI-MONO- 
TONE T I M E BKHPON S E 

Let <j{p) be the network function and f(t) its impulse response. Then 

or 

i/(P) j\t)dt ... (|) 

o 

If the step response is monotonic, the impulse response is never negative, i <*. 
/(0 0, for all t ^ 0; and then one gets easily 


»'*’ (P) = (-1)* j (-!)*(?<*> (ji). 


where g ik) (j>) is the 1c - tli derivative of <j(p). O li) (p) is positive if p is a posi- 
tive real number Further 


C/ (t > (p) > (p+J) ... (2a,) 

where ft is a positive number. Along the axis of real frequencies v e have similarly 
for a monotone response 


00 * 

| G (k) (10)) j < j t k ]\t)dt ... (21)) 

0 

and | (P k \i*>) | > | G {k) \ /(a)-| A) | ... (2c) 

where 8 is positive. The meaning of the above relations is that for a iiionolum 1 
response the network function along the positive real axis and its magnitude 
function along the axis of real frequencies should with all the derivatives conti- 
nuously decrease. 

We now investigate the necessary and sufficient conditions on the network 
function such that the time response be monotonic. For this we need an 
important theorem ■ A necessary and sufficient condition that the sequence {/^jo 10 
should have the expression 


/4 n = j* t n i'h that 

o 


P) 


( — 1 )*A* p H > 0 


(n, k ^ 0 , 1 , 2 , ...) 
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A is the difference operator and its counterpart . The necessary and tsuffi- 
( . r m condition that g(p) is completely monotonic is that/(i) is bounded and non- 

,| ...,itivc. 

11 can be shown that if f(t) is monotome and never negative 


> o. a a) (p) > o, 


g(p) G"'(p) 

a^(p) 


> 0 , 


G™(p) GW(p) 

0<*){p) G^[p) 


> 0 . 


fi'oi* 1 1ns consider the quadratic forms 


= 9(P) X o 2 + 2 G il) (p)x 0 2 y n + G^(p)y^ — J e pt (.t 0 + ty Q )*f(t)dt, 


(Ur) - <>'"(vW + 20<«'(y -I- (!' 3 'ip)y^ = j <-*. t(x„+ly„)*f(t)dt, 

0 


wluth ln T hypothesis regarding f(l) are both positive. lienee one gets 

<7 (1, (?>) >0. GW(p) >0, GW(p) >0 and G™(p) <j{p) >[G^(p)\ 2 

... (4) 


and 


<¥ 2 \a(r)\‘ 


r rhe logarithmic second derivative of a network function consisting of m 
ztMocs and n poles {ft, & b r ) can be expressed as 

rf- d l 

’/dp) - r/// » logJ7(p) — 2 [ E ^h)g (/>-( & r )] 


‘ S dHA) 2 S - (5) 

ir an ff 4 (or b k ) be complex, the factors due to each of the complex conjugate pair 
add up to 


Up) - 2 


- /V _ 

(p z +2a A 2?H-a f 2 +/? t 2 ) 2 ., 


( 6 ) 


" ll,w 'h =oc t ±jfa 

wlia h is positive for all real positive p if a* > (1%. It may be recalled in this 
rcmni'ction that the magnitude function due to a complex pole pair evinces a peak 



196 


A. K. Ghoudlmry and N. B. Chalcrabarti 

in the frequency response if the value of the argument of the poles exceeds 71/4. 
Hence to ensure small overshoot in the time response of an all-pole- structure, the 
arguments of the poles should preferably have values less than 77/4. The first 
two logarithmic derivatives of the network function of an all-pass quailet 
('Pile — — CL k d= jVfik 2 ~ a k A(i Pm ~ a t =b j V fik ~ oL k “ c an be written as 

m ffW ^I£r(«**'l;A a )J 

{ ] ff(p) ( 1 > 2 - 2 >x k p 4 a* 2 -h /4 2 )(p 2 4- 2a*p 4 a* 2 4 fit 2 ) 


( 2 ) 


d - Inn ' W + W + «** + ] L^* 1 - IF* H A) 

P r/U J - 2*1 p -| a * 2 4 /V)(p* + 2a 4 .p 4 a , 2 4 A 1 ) 


(76) 


The relations show that all-pass structures are nil essentially oscillatory; the 
amount of overshoot and oscillations will be less, the larger the modulus mirl 
smaller the real part (This can be simply understood from a recognition of the 
fact that the phases of those structures arc by promise 11 011 -linear). 

An examination of the expressions (5) and ((>) immediately reveals that (a) 
a zero on the positive real axis always causes ovei shoots, (b) the Butterworfb uwl 
Tc-hbv chef f filters are destined to exihibit overshoots (the later having oscillations 
also, as its amplitude function shows peaks), the magnitude increases with the 
ordei . 

The usefulness of the conditions stated above may ho appreciated from the 
ease with which the results with regard to the character of the responses of t lie 
following linmittanec functions are derived 


Let us first consider the linmittanec fund ion r/(n) — [V-tJ and let 

(P+«)(P+<*) 

a > h and c > d. For n. monotonic response we first- require that ihe value of the 
iminittance at p = 00 must not exceeded the value at p -- 0, hence ah ^ cd 

We require further that ( ' ) lllld ( ‘t+J, )>(;)»+ ','4 tVm " 

the conditions on slope and curvature 

Let us next consider the function q(p) — arising in connection with 

a servo with a delayed control. Taking the first two derivatives and imposing the 
conditions stated above we derive that the system u ill be overshooting unless 

r<0.5. 


3. THE CHAR ACTE lilSTlOS ¥ O R- FAST BIS E 

In order to be of practical utility, any treatment of a transmission system 
must take note of the input and output capacities of the component stages and 
the d.c resistance, which t ogether set a limit to the band of frequencies the system 
can transmit, and hence to the minimum possible rise time. Now it is known 
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j! p (he gain /rise time ratio of a four- terminal network is approximately twice 
t | , r of a two-terminal network having the same total capacity: the basis of the 
m -Movement is that the source and load capacities are separated. And the 
s ,* n, ration of the capacities results in a delay in the waveform response of the 
ton i -terminal network. The improvement can, in fact, he looked upon as 
tcsiiltaing from a properly assigned delay. 

The delayed square pulse can be considered as the ideal impulse (Cherry, 

I :t4h) response of a four-terminal network having a finite bandwidth and the 
1( JoaJ transfer function can be written thus 

e Pr UVT/Z _ e -PT/2\ 

9(P)^ v - ( 8 ) 

when* r is the delay and T the time of duration of the square pulse. The real 
I isn’t of the transfer function is then given by 

. sin «> (r-f TI2)— sin u>(t— Tj'2) 

Re =- w - (8a) 

The approach towards the ideal may lie measured by the closeness with which 
llu- rnd part of the actual transfer function simulates such a function 
with as small a T as possible. 

The tiansfer impedance of a four- tormina 1 network can be expressed as the 
difference of the two input impedances forming the two arms of an equivalent 
symmetrical lattice, (figure 1) thus 


Z 


r — 



W 



Fig. I. A four-terminal interstage represented as a symmetrical lattice. 

Oi, considering ladder networks with input and output capacities C\ and 0 a , 
] t ian he expressed in terms of the input impedances Z ls Z 2 and Z 3 looked from 
the three pairs 1 — 2, 3—4 and 1—3 (figure 2) thus 
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and its real part as 


B, + B, - B, 

llm ~ 


(10a) 


where R lf R 2 and R 3 are the real parts respectively of Z A , Z 2 and Z 9 . The step 
response of the network is obtained from the Fourier integral 


Fig. 2. Four-tormmal coupling network having parasitic capacities. 

F(t) = — I sin - d* 

7T J oj 

0 

m CO BO 

Writing /,($) — f R x cos (*t d<*,f 2 (t) ~ f - R 2 cos f 3 (t)~ * f ^3 

77 J J 77 77 J 

0 0 0 

and f ( *i + ,1m F a\ = ± f H ? 8,1 L"( rfa., 

77 J ft) 77 J w 


Hi) 


COS to/-(/to, 


where 


have F(t) = f (R,-\ B..-R .) Hiu “' do FAt) F.,(>) = f 7(0*- (U») 

77 J to J 

0 0 

/i H " /a “ /a 


/(<) - 


For a fast build-up it is necessary that J\t) — ^ remains 

T 

close to zero for f ^ r—Tj 2 and keeps at a high value during r- T/2 

going to zero hereafter -K 3 (<*») and hence F 2 (t) certainly cannot have a negative 
d.c. value) thus enabling F(t) to attain values corresponding to F x (t). This means 
that the high frequency performance of the components should nearly he 
identical, and Z 2 should have a stop band centering the zero frequency. The 

o Ci 

simplest direct consequence is that j R T («)do> — ft which requires that there 

0 

is no capacity patlTfrom 1 to 3 ^except through C\ and 6' a . 
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jSV ,. K * bounds on the responses of networks 

The maximum bounds of the responses of the impedances Z k {p) aie governed 
j, v (he theorem : 

2 T 2 l f* J 

M) — n ] R k H COS wt rfu> < - j R k ( 0>) d o> ... (12) 

h ], or (\ is the capacity appearing across the terminals in consideration. If 
ll„« charging of the capacitors could be maintained at the maximum possible rate 
tin* ideal wave! or ms of and f 2 (t) would be in the symmetrical case as shown 



Kifrri H (.») & (b) Ideal impulse responses of the input und transfer impoilunceH of figure 2. 

in flic figure 3(6). ft is to be noted that the maximum value of /„(i) also occurs at 
t --- 0 and the area under the f .*(/) curve equals zero The general features of the 
response, if the impulse responses of the two-terminal impedances Z 1 and Z 2 be 
triangular for a period 0 < f < 'X'lt, are also show n in the figure 11(h). It may be 
observed that the delay is of the order of 3/2 times the rise time if the waveform 
is square and l/y/2 times if it is triangular, and the rise times are respectively 
t'li !/2 and \/'l(!R (the corresponding rise times m the two- terminal case are OR 
and 2('R respectively) 

The hounds of the step i espouse of a two terminal impedance can be fornui- 
laled in lej ms of the real part. Let the ® axis be divided into intervals of separa- 
tion «i, — nit and let the maximum and minimum values of the real part in the 
interval (I- l)/r < “> < In be denoted by R* miu . and R 11)Uir 
fhen the upper bound of the step response can be found as follows - 
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^ - | (^1 max ^2 min) ■ ■ . + {-^2x+i ~ "'■^ 3 ® f 1 

7T l. ma x min max a J 1 

The lower bound is similarly given by the inequality 

^ k( 0 ^ “I ^1 wkm.^K 77 ) “I ^2 ra«i:(^i(^) (^H ■■■ ^211+2 (l»h)) 

77 L 7rtaa! Z J ’ 

t 

Now F(/) = l f \—Fo — ,f{t)dt is greater, the greater the Is^ of each com. 

ponent impedance. Further by Scnvarz’s inequality, one gets 

OP 60 BO 

LW1 < f R%Hd u j d. * j R%{»)d* ” l ... ( i 4) 

0 0 0 


Hence- foi a fast rise, one must ensure Unit in the useful band | R T \ is as laige a,s 
« c 

possible and f R T d u = 0, where 0 ^ w ^ w c is tlie useful band, Therefore, 
0 

R v ii 2 and li. A should be such that the cancellation of the components of R T (w) 
is the irreducible minimum governed by the requirements 



0 


( 11 ) Rdi'-Bt > i). 

This requires that the system be externally symmetric, for otherwise the frequency 
characteristics of Z 1 and Z. z cannot simultaneously be manipulated to be 111 proper 
relation to and that R T be an oscillating function (Bode, 1945). 

Let us consider a real part given in the range 0 ^ ^ w ( . by 


Rp = R 0 cos 


Mia 

2w r ' 


Now the integral of the positive component of the real part 


given by 



Ml a 
2ti> 


(ia 


+ | COS da -f- — -f- J Rdoi ^ 

3 UC J 


ee 

= 2 “ f R 0 [1+2+2+.. .]+ f Rdu- 

Ml J 
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, s , Irmly lews than + 0 ■ The level of the impedance can be increased only 

~ c i ~ ( 2 

,1 ijjc integrals 


5ua/n u e 

unu , . 

COS - fiw — |— 

cm i he reduced. Therefore the phase-shift in the interval of interest should at 
least, equal 7 r radians. It is, however, to be noted that since the magnitude of the 
imiMilse response of each component impedance decreases with time, the delay 
should not. be very large. 

4. T H 10 POLE CONFl ( i U Jl A TION 

On the basis of consideration of gain alone, the Butterworth and Tcheby- 
t licit lilt ers are assuredly desirable. However, the ovet shoots and the oscillation 
ol (Ik* waveiorin response of these filters tend to be excessive as the order of the 
nclwnrk js increased. Tins is due to the fact- that the amplitude characteristics 
hnl inojv and more to lall at the appropriate rate and lienee the phase-shift 
hci nines ineiert, singly non-linear. An approach Unit immediately suggests itself 
li- t«> so ihstiibule the poles that, the amplitude l espouse decreases eontinuously 
at a rate propel to ensure linearity of ]>hase m the frequency band of primary 
juiciest. 

The Mb point in the amplitude i espouse and the real positive p where the 
legal illume cm vat urc ot Z T (p) vanishes can be considered as the two most 
impel lunL design parameters governing the rate of build up and the extent 
ui <>\ ci shoot. 

Now writing the transfer impedance us 


12 a) 


+ f 


litacjn 


2b) r 


dui 


+■■■+[ 



%'t'i'P) 


I 


•nr lurnis the logaritlimie curvature 


'/'(/') log Z T {p) 1 1 - ~(P\f> r V \ = Si //,{'])) ... (15) 

dp- \ yj 2 -j 2b r p-\ a\ {p l -\-2brp-\-a^)-/ 


^h(‘i(. ji is a real variable and \' t r m (p) — V . The zero of i//, (p) 

(HTm,s d1 P - bur a fourth order Butterworth, for example, the zeros 

n, l |,r 1,1 ( I -- cos and ^ 1— cos ^ J . The zero of i//(p) can he moved to the 
' ( b "I the value corresponding to a Butterworth filter by (a) placing the poles on 
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the ellipse with the veal frequency axis as its minor axis, (b) shifting the origin 0 f 
the civdc of figure 4 to the left, (c) or shifting the origin of the Tchebycheff ell<p NP 
or the ellipse of figure 4. One consideration governing the choice of contours 
on which to place the poles is that the centre of gravity of the pole system should 
be close to the origin if the gain is to remain nearly constant in the band of juici est 
and is not to vary considerably as the order is increased. 



Fiji 4 (*»), Onoinolry of polu-cnjifigiiruduiiH in the p-plnn 



Fig. 4 ()?)■ Normnljand amplitude msponsc of a fourth order network 
with polas situated on un olllpw 


All-pole structures only arc considered here on grounds of simplicity of design. 
Such structure are known to realise the largest gain -bandwidth product. It should 
be emphasised that the incorporation of zeroes in the transfer impedance w'liy 
result in a better phase -shift characteristic. But the determination of the ] ,|,(, I )W 
impedance and network realisation of structures having a number of zcroeH m 
the transfer impedance are necessarily more complex. Bor an all-pole network, ou 
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ll )( f ,tlicr hand, the process is very simple* it is easy to show that Darlington’s 
n)( , l,,,(l of synthesis (Darlington, 1939) can ho directly applied to realise the 
1 1 fiM-ler impedance in the form of a ladder structure. 


r*. THE RESPONSE FUNCTIONS 

The gain function of the system of figure 4(b) is readily calculated hy effecting 
Uk tiaiisformation 

ii- = 2 [ z + z) = \ ( *'-1- v ) C0H 0 +i/ 2 ( r - !•) sin0 — ( l6 ) 


ulicro 7j re }0 The circles in the Z -plane go into ellipses in the ^i-planc while 
(lie unit circle goes into the real axis. It the ratio of the minor axis to the major 
1 R? -|- 1 

axis he denoted hy h', then — h say, where R 0 is the radius of the 


conloru tally mapped circle in the Z-plane. The magnitude function along the real 
iic(|iipncv axis can with a little manipulation he written as 


F ( «) - 


I 

/ c sinh"" 1 w \ B 

V «o f 


(17) 


figure 4(c) depicts the magnitude function for n — 4 and R n — \/2. The ampli- 
tude in notion due to poles on the shifted circle is derived hy means of the 
translm rnations p — /T — cr 0 , Z = p' 2 . When the total number of poles n, say, is 
even, the magnitude function in the Z-plane can be expressed as 


1 

F(Z) 


— R n — 2 a n > 2 R nri cos 


nxjr 

"2 


1- a n 


where n is the radius of the circle on which the poles are located. Hutting 
p rr-)-j«i - p'—a, one gets (<x — er 0 -f-J **» ) 2 — Re j0 = Z, 

wlicwo we derive the amplitude function in the p-plane vhich is given by 

fV, ^ u ’T /8 -2« , " s [(*4<r„) 1 M “T' 2 ™«( 2 tm ~' ) +,,B 

... ( 18 ) 

flic amplitude due to poles on the shifted ellipse can be obtained hy means of the 
trauslormations p* — cosh W, p — p’ - cr^ Z — W' 1 ■ (1®) 
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< 'onfiqurntum (a) of figure (r>). 

Let the impulse response of the Buttei worth filter of order v be denoted | >y 
MO and 1 lie step response by F ft (0- Then the impulse response of the syst t > u , 
having tho pole configuration of figure /5(a) is dearly 

aw - /.w, 



5. (jnomutiy of polo configui utiuns with the axis shifted 
and the step response F{t) is 

f t 

no - j - °"'mdi - [ /’ 0 w*~‘ v l'-i-<r I , j t\(i)« aJ dt = F„(t)i a "' 

t 

+ t„ [ >’.We "°‘dt - (2") 

fl 

J he shift, in the frequency axis clearly reduces the contribution due to the Intel 
parts of the impulse response and hence the delay and the overshoot. The anion til 
of shift necessary to obtain a satisfactory performance can be determined either 
from the consideration of the distance of the zero of i Jr(p) from the origin or bom 
the expression (20) which utilises the knowledge of the nature of the response of 
the Butterworth filter. Table I gives the delay and time when the maximum of 
such filters occurs; it is noted that since both increase with tho order the 
amount of the shift necessary iH small for higher orders 

Configurations (h) nj figure, 4 and (b) and (c) of figure, 5. 

As we have already noted the improved performance of the systems, we 
discuss, is due essentially to the fact that tho phase-shift associated with a gam 
function is smooth if the change of gain by a given amount is gradual while if 
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ill ■ change of gain is concentrated in a narrow portion of the spectrum, the phase 
if, ,i act eristic vises to a sharp peak. Tn fact, tin* design of these networks can 
u ..|l he made on the basis of linearity of phase. 

TABLE I 


For bandwidth- lMc/s. 


(Irdei >i 


4 

.1 I) 

7 

Uw* liinr in liurro- 

M'COIlflh. 

o :u; 

o :iw 

0 41 0.42 

0 44 

\u munn (ivcrslmot % 

H. 1.1 

10 wo 

12.80 1 4 :i 

15 4 

Turn' ill which maximum 

\ ,llll( Oi CIHK 111 H Ki'CH 

1) 75 

0 K() 

I . oo i i r> 

1 25 


The step response of the systems having the configurations shown in the 
tigmcs 4(1)) and 5(b) and 5(e) with properly chosen eccentricity is likely to have 
sum II overshoot. The value of the eccentricity and the shift are to be selected 
horn tin 1 considerations ot gain eonsei rations and linearity of phase. 

Time is one practical objection to t he employ in cut oi the pole configuration 
of tigine 4(h) that the divergence of the configurations for different orders is un- 
ruinfoi I a l>ly great . The situations tor the eases with the axis shifted are better. 

i, ClKl'l'ITH TO 11 K A L 1 N K T H F, I) Tfl S I K F h POL K N 

The poles can he realised either in a single stage or in the different stages 
of .1 multistage amplifier. Every stage is characterised liy the input and output 
rapacities w Inch, for the purposes of the design, are to he considered constant 
and ^o tin* load resistance. 




t ( fl ) <fc (b). Network configuintions to renlise nil-polo t.iiim»ter impedances, 
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Recalling the discussion in sections (3) and (4), the network structure of 
figure fi can be expected to yield in a single stage the desired poles. The system 
can in fact be designed m the form of a loss-less structure terminated by pure 
resistance either at any one end or at both. For the latter case, it is convenient, 
to proceed on the basis of reflection coefficients at the two ends. In Table II am 
given the values of the circuit parameters for the disposition shown in figure 7. 


O 


h 


TC 



Fig. 7 




Fjgrt. H (u) Ar (>») . Circuit arrangement for realising a two-pole transfer impedance and tlie 

equivalent, circuit. 


Multistage amplifier 

Once the pole configuration and the order of the overall network and the nuinhc’ 
of stages to he employed are decided upon, it only remains to devise a stage network 
that gives the response corresponding to each of the factors of the overall respond* 
Figures 8 and 9 show satisfactory stage for realising one pair or two pairs of complex 
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Kik 0 (l»), Civruit nrmngomout foi lenlimny a tiansfer impedance having five polcn 
anil the equivalent circuit. 


TABLE II 


TU 

Ratio of 
uxen 


L,0 2 

lioOt 

n»o.. 

o 3 

0,7 

0 OH 7 

3.003 

0 050 

2 . 1 50 

0.3 

1.0 

0 008 

H.f.30 

0.347 

2 . 353 

0.3 

2.0 

0 . 028f> 

3 072 

0.331 

3. J34 

0 

1 0 

0.070 

3-3.i0 

0.740 

1 . 800 
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poles. We ignore the blocking capacitor which should be largo. Sotting 
=i 'f' 1 one obtains the gain functions m the two cases as 


. OmB o 

(i) m>) - i +]>R n (C a +u g )+p*Lc g 1 V'^v+v^i, 


... ( 21 ) 


where 


UO.+g,) - 2j, ic; = J 

w l 


(-<) ( Av) j \-pR 0 (t \ ( | (} g +C)-\-j) i \-L z (! {/ +(L l (C-\ (’ a )\ | ( ,{p i( + C ) +p l L l Lj \j 

... ( 22 ) 


The first arrangement has the virtue of ease of adjustment, but if' does not fake 
the full advantage of the gam-bandwidth product offered by the individual stages. 
The design equations foi the two eases are listed below. To realise a hufei 

* coresponding to a pair of poles one has fo set 

H ZZ.P+P 1 /",* 


!: ~= e„K,„ 2 1, - lt„(( '„+<<„), V - 

n v lj \ L u 


... (2:5) 


A'«» »<• real«c a fa, tor ( , +2 J 4 X 

two pairs of poles, one lias to set 


L, 

*i 


f (if (1 ~ W 2 U 2> 

/J V V 


% l-Q-W 


", H- ")> 



KU w 2 + u 2 + 4C,& - Aft + + ") 


... (24) 


It will be verified that a system having only four polos on the ellipse defined by 
rr — 0 3 and b — 2 0 eau be realised by selling R n — 1 100, L 1 -- 1 -2K0, /> a O.^- 1 

and (' — O.LfiO. The time i espouse is depicted in figure 10(a). The step 1 ts 
ponses for the cases or 0 3, /; - 0.7 and cr = 0.3, b - 1.0 arc shown m l^inrs 
I0(fr) and 10(c) respectively. 

11 is ad visible in the second arrangement to pair togethei those roots as have 
an average damping rafio nearly equal to the average damping of the ouii 
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TIME m seconds 

Fig. 10 (o). 

Normalised step response of a fourth order network having poles situated on shifted ellipse 
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ABSTRACT- A very flexible apparatus with Bloch’n crowned -coil probe for the cletee- 
iiou of Hpm-oi.ho signals has been describotl in detail. A fixed one megacycle /sec . master 
osc ilia ( or' ullowH the frequency of the final gated amplifier to be set at different values by 
|ii(jpei selection of the harmonic in. the harmonic generators. The pulse generators produce 
n sequence of pulses, the number, duiutions, intervals and the repetition raises of which can 
|n> ml | ust od independently. Using Hahn’s method, both the spin-lattice relaxation time 
7 1 1 tuirl the spin -spin relaxation time 7\ have been measured for protons in glycorino as an 
illusliahun. 


1. INTRODUCTION 

Various authors [Hahn (1950); Hahn and Maxwell (1951, 1952), Norberg 
(1952), Hahn and Herzog; (1954), Bloom and Norberg (1954), Carr and Purcell 
(1954). Bloom ft al (1955), Holcomb and Norberg (1955)] have reported the appli- 
cation of the spin-echo technique, first introduced by Hahn (1950), in studying 
f lic different aspects of nuclear magnetic and nuclear quadrupolc resonance. This 
technique is specially suited for the measurements of hoth the relaxation times 
1\ and T,. Tt is particularly true in the case of liquids where the relaxation 
tunes range usually from several milliseconds to a few seconds. A number of 
authors reported the instrumentation in their papers [Hahn (1950). Norberg 
(1952), Oarr and Purcell (1954), Mailing (1954), Bloom ft al (1955), Holcomb 
and Norberg (1955)], but in brief. Here, in this paper, we present the details of 
the apparatus recently set up in the Institute of Nuoloar Physics. This apparatus 
is very flexible and can be set to produco any desired sequence of pulses, of vari- 
able width and spacing at suitable repetition rates, at a number of radio frequen- 
cies The final r.f-amplifier has a high peak power. The output pulses rise to the 
Huai amplitude in the first cycle of the r-f and also die out very quickly. Be- 
foic proceeding to describe the apparetus we shall give a simplified statement 
of the theory of the phenomenon. 

11. THEORY 

In the usual nuclear induction experiments, a sample containing nuclei 
having non-zero spin and magnetic moment, is placed in a strong steady magnetic 
, — > 

H„. When thermal equilibrium is attained the nuclear ensemble gets distri- 
buted among the different spin states according to Boltzmann law of distribution. 
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As a result there will be a net magnetic moment vector M 0 directed parallel t 0 
— > 

H 0 - If we could now deflect M 0 by an angle 0 from its equilibrium direction 
— > — > 

along Ho, then Mo will process about H 0 with the circular frequency w 0 
where y is the gyro magnetic ratio of the nuclei concerned. Due to this processional 

— i 

motion of M 0 , a voltage of magnitude cd 0 M 0 sin 0 will be induced in a coil sur- 


rounding the sample, the roil axis being normal to Ho- Tn the nuclear induction 

— i 

experiments, this flipping of M 0 is caused by a linearly polarized radio-frequency 
— ► 1 

field applied normally to H 0 - The radio-frequency field has the amplitude 2H h 
where |i/,| <c |ff„| and has the frequency w ~ the resonance frequency 
Actually, only one of the two circularly polarized components of the linearly pola- 
rized r.f. field is effective in producing resonance [Bloch, 1940, | This mav ho 
understood it we pass on to a co-ordinate system rotating with a frequence oj 
— > 

about Ho in the sense opposite to that of the r-f field. In such a system the 
nuclear ensemble will be in an effective field 


H-r- (“^ “) t W 

where k and i are the unit vectors along z' and x' axis of the rotating co-ordinate 
system [Rabi et al 1954,1. Tf the nuclear magnets follow the magnetic fiord 

odiabatically then M 0 will be directed parallel to H t .// and hence tan 6 — ^ ■ 

At exact resonance i.e, when o» — w 0/ 0 becomes 90° and the maximum voltage 
is induced in the coil. This induced voltage decays because of the tendency of 
the nuclear magnets: (1) to attain thermal equilibrium due to spin-lattice inter- 
action characterized by the spin lattice relaxation time 7\ and (2) to lose phase 
coherence with characteristic time T 2 . Phase incoherence may arise due to ■ 
(i) the different fixed rates of precession throughout the sample caused bv the 
static “local” field or by an inhomogeneous magnetic field; (ii) processes causing 
random fluctuations in frequency and phase due to spin -spin coupling or by self- 
diffusion in an external ficid gradient, particularly prominent in liquids of low 
viscosity. Tn the steady technique, as it is called, the loss in signal voltage Hur 
to the above effects is compensated by transitions due to the r.f. field i.e. the 
precession is maintained by the r.f. field establishing the steady condition. 

Contrary to the above technique and the transient technique ol 
Torrey (1949), where the transients are observed in the presence of the r.f field, 
Hahn’s method consists in observing the Induced voltage due to free precession 
of the nuclei. Here the r.f. field is applied for short durations at certain intervals 
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anil the field m homogeneity is so chosen that the phase coherence is loaf in a time 
before the application of the next pulse. This loss in phase coherence is due to the 
isu tropic distribution of the moment vectors as they rotate about, the steady field 
//„ with different circular frequencies caused b\ the random distribution of the 
field inhomogeneity over the sample Still there remains the internal phase 
tolicj cnee having a characteristic decay time T 9 . This will be evident from the 
simplified picture given below. On the basis of this picture, calculation of the 
amplitudes of different echoes and free induction signals ha\ c been done and their 
mode of formation is shown here in figure 1 . Diffusion effect has not been taken 



(!) (it) t= t w 


b b(b„b z ,b 5 M 



CsO, +0J 



A(Ai»A 3 ,A},A 4 ) 



(vmj t - 7 z +Zj 



f'f;. 1 - Vector diagrams showing the formation of echo pulse a and five induction decays, 
r.f. pulses are applied at t *= 0, t x and r { . 
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into account, This will simply introduce a damping term to the x and y coin, 
ponents of the moment vectors. For simplicity we shall make the following 
assumptions : 

(1) Each r.f. pulse causes a rotation of the moment vectors bv an ai J£ > | 0 
tt/2 in the anti- clock wise direction in the rotating co-ordinate system i.e. the nula- 
tional angle y -- tt/2, where is the duration of the r.f. pulse. 

(2) The r.f. pulses are so short in duration that <'<r T lt T 2 and T% , where 

T$ l /(A H) av , (A T1) av being the average hold inhomogeneity over the sample 

volume T* may be defined as the characteristic time required by the nuclear 
magnets to distribute themselves isotropically in the x'y' plane. 

(3) The condition T\ ' t x , r e — 7, etc., i.e. the signal dies down due to iso- 
tropic distribution of the moment vectors before the application of the next r f. 
pulse. 

(4) r r 7 ' 2 _f; To aud 7\. The first condition implies that the internal phase 
coherence may be maintained and the second condition shows that the thermal 
equilibrium is not attained during the pulse train. 1\ is always greater than r l\, 

(5) During the absence of the r.f. field the moment, vector decays with the 
characteristic time constants 2\ and T 2 . This is true when we can neglect the 
diffusion damping which damps the x and y components of the moment vectors 
T a has the effect, on the: component only and no effect on the x and y components 
while T l has effect only on the x and y components and no effect on 2-componwit 
This is evident from Bloch equations. Bloch equations in the rotating co-ordi- 
nate system are given by 

du u 1 

dt “ " T.. ! 



dw w — w n j 

dt - - TT J 

The inhomogeneity part has been neglected since this will damp the signal by distri- 
buting the nuclear magnets isotropically in the x'y' plane and by introducing a 
diffusion decay, n, v and tv are respectively the x\ y' and ^'-components of the 

net magnetic moment vector Mo- 

(6) The macroscopic magnetic moment vector A, directed parallel to y ■ 
axis, is considered to be composed of a large number of isotropic groups. Different 
groups will have different circular frequencies determined by the field h 'homo- 
geneity at the site of the group. Due to the isotropic distribution of the field 
inhomogeneity, the groups will be distributed isotropically in the x'y' pl ane 111 
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a tune t > T\ We can always resolve them along two perpendicular directions, 
c arl* component having the same magnitude but bo directed that the net resultant 

\n /r\ o. Thus, we may consider that the moment vector A is originally composed 
uf four components oq, cl 2 , ci s and a 4) all equal in magnitude but having such 
a v<ragc circular frequencies that in a time t they are displaced by 2n,n~^ nl 2 , 
2w,tt-| 2.7 r/2, 27i 3 7r+3.7r/2 and 2w 4 7r-|-4.7r/2 respectively on the average, from the 
initial direction, where n’s may be zero or any integer. The subscripts 1, 2, 3 
an I 1 denote the four cases respectively. Tn addition, a ' s will be damped aceord- 
m u In Bloch eqns. (1). Further, it has been assumed that these moment vectors 
retain their phase memory i.e. they will describe the same angles for the same 
ml rival of tunc at any later time t < T 2 . 

The vector diagrams (figure 1 ) clearly show how the different free induction and 
echo signals are formed due to the redu storing of moment vectors at different 
tunes The system is assumed to bo in thermal equilibrium before the application 
of the pulse train. 

M« 1H the thermal equilibrium value of the net magnetization and is equal to 
y„ //„ where is the steady magnetic susceptibility and H t) is the average value of 
the magnetic field. 

Tn calculating the amplitudes of the different components of the moment 
vcctoi we have used eqns. (1) which give 


u(t) = u(t t ) exp [ - j 
»(<) — r(ti) exp [ j 

and w»(/) ■= j 1-f ,v (^~ w o exp (— -^r - ) ] j 

where W() .= 3/ 0 . 

The different diagrams of figure I are explained as follows 
(i) Initially (t -= 0) Mo is directed parallel to 

(n) At t — Mo hes parallel to y' axis due to nutation by angle tt) 2. Free 

induction signal of amplitude 3t 0 thus occurs at t = f w . M 0 has four components 

r, c <<% and n 4 where a x — a 2 ~ — «<, — — n{r A ). a{r x ) denotes that a’s 

4 


I 

I 

I 

| ( 2 ) 
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will be displaced by 2%77-f-^, 2n,n-\-2~, 2%7r+3 ~ and 2» 4 7r+4^ during r v cj lle 
to different processional frequencies. 

(iii) Here t — Tj . a/s are the values of a ’ s at < = Tj. ai = ( 1 % — = Q ' 

— a exp - - T ± j . “'-component of the magnetic moment vector will then attain 
the value 


b -*» [’--“p (-?-)} 

since M n is the thermal equilibrium value. 

(iv) h has no phase memory at t — 7,-1-^.. ^ree induction signal of ampin 

tude 6— M 0 1— exp^ ~ip l ) | occurs at this time. 

( v) At / = 5?r n a'., and a/ v\ ill reclusture on the v' axis and will have the 
new values a 3 " and a,' respectively 



Thus the primary echo forms at t *=- Sr, . 

(vi) This is the picture at ( — - r 2 . Here a/ — ^(r 2 -2T,) and b may he 
thought as h(r» - Tj) The components of A , namely A n and will have 

values 



Similarly, b t ' — fo a ' — V — - b 4 = J expj^- ^ ^ "j. 

Here we note that, since, A's are due to a 3 and a, components of M 0 at i = h<- 
we may consider a,,4r/, — c(r 2 ), say, where — d 3 \ e a ' — d 4 ', c 3 ' — Ay and 
c 4 = A./. 

During the time 7 2 ~-(7 1 -f£ w b « a ' anr ^ <* 4 ' have changed to and 
respectively, in trying to attain their equilibrium value which is zero for both 

0«" = < expf- T ^" Tl l «'»/=«<' exp[- T ^ Tl ] • 
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\\ ; ^ | the ^ -component wae zero and hence it will have the value 

,1 _ — exp( - “rp> and r/ 4 " have been separated from d since 

11,,-v Ini vc certain phase memory while d has nothin" of the sort at this time. 
(Vii) Here t — t^-}-£ w . The free induction decay is caused by d. 

(viid At t — = T 2 ' r \> Hie stimulated echo occurs due to icolusfcerinu ot a/ 
and which have attained respective values of and a 4 ". The amplitude 
is _ i\ cn by (f 2 /W + if* 

n,'" | a x" -- uJ' exp[ --- T, 1 1 --- n./ exp [ — T;{ T'7 > — r i"| 

1 L T 2 - 1 L '7', 5P a I 

vi 

exp [- ^ -- 4, »»y- 

(ix) Here t — r a -l-T a — 2 tj “2x 2—2?^. The amplitude ot the echo ia ^iven 

.4] " h -V - (>1/ + >4 3 ') e*I> [_ ] 

A [ 2r 0 — 4r x i 

= 2 exp L~ ‘ TV I 

2r 2 - 2rn 


by 


7l/ 0 I 2r 2 - 2rn 

4 ^ [■ T, ' | 


A , say 


(\) line t — r,, f- i , — t a - 2t 2 - Tj. Thu amplitude is riven by 

V I- V --- (V i V) «xp j^- T “ T " Tl j 


r . / T i \ 

1 I I 

[i - exp (- T J 

J- eXP L- | 


— /*, say . 

(\d At t — 27-.j the amplitude is piven bv 


Cj'+e/ = (Cj'40 0X P [- fj 

c [ 2r,i 

= 2 ex P[- T, J 


(i 
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M, 

~ 4 0X P 



= 6’ a ay. 


Witli all these echo amplitude terms there will he terms indicating the loss 
of phase coherence duo to isotropic distribution of t-lio magnetic moment red ms 
This will depend upon the distribution of the Held inhomogeneity. For the <,im* 

of Gaussian distribution this term comes os exp ^ e>rp*?. j t' being the time 

when the signal occurs. Thus we sec that m addition to the free induction doc,t\,s 
following immediately thor.f pulses applied at t — 0, r x and t 2 , echo pulses arc 
formed at t — 2*^, t 2 T Tj, 2 t 2 — '2t v 2t 2 - r l ai id 2 t 2 due to constructive interference, 
of the moment vectors. The echoes occurring at i - 2 r, and t -- r 2 ! arc most 
mipoitanf and are called primary and stimulated echoes respectively. Thi* 
constructive interference is possible only when r,, r 2 ^5 T» where T i is called t be 
1 internal” phase memory time. This causes a damping of the echo signals. In 
addition to this damping, there is diffusion damping which becomes particuluilv 
prominent for the liquids of low viscosity and for the large Held inliomogem liy 
Table T below shows the echoes with their amplitudes and mechanism of formal ion 
when the r.f pulses have diiferent nutation a I angles. The superscripts 0, 1 ami 2 
stand for the free induction, primary and stimulated echo mechanisms respectively 
As for example (12) 1 indicates the primary echo formed by the first and the second 
rf pulses. Similarly (123)- denotes the stimulated echo formed by the first, 
second and the third r.f pulses For details of other physical models and mal he- 
matic, al analysis, the reader is referred to the following literatures' [Halm. 
(1950, 195,3), Carr and Purcell, (1954), J)as and Saha, (1954)1. 

As seen in the Table 1, the echo amplitudes at l — "1 t x and Tg-j-Tj depend mi 
Tj and 7y f Tj respectively when the pulse widths are kept constant and the dif- 
fusion effect may be neglected. The primary echo amplitudes decay exponentially 
with 2\ as r x is varied while the stimulated echo amplitudes decay with r l\ ns 
r 2 is varied. Thus T» and 1\ may be measured from the exponential decay en- 
velopes of the primary and stimulated echoes respectively. 

But the self-diffusion limits the accuracy of the results. However, modi- 
fications introduced by Carr and Purcell (1954) and by Holcomb- and Noiherg 
(1955) greatly eliminate this limitation. Even with this limitation, spin echo 
technique provides a better method of measuring relaxation times than tlie steady 
state methods where the field inhomogeneity obscures the actual value ol A- 
This method lias another advantage over the steady case such as it needs no special 
care to minimize the r.f leakage voltage as the echo signal is observed during tl JC 
absence of the r.f. field. 
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TABLE I 


r - 


SC HO AHHi.tr UBS 



fnonT/o/v 

Ttf/aoHoHer/rtc 

HAHT 

asiaxation dam hi ho 
HA cron at THf eCHo 

MAXIMUM 

Diffusion da hh/hc 

HACTOH AT TtfJT SC HO 

MAXIMUM 

cetto 

as)‘ 

St, 

SLH %, st ****fc 



^nwtuAreit 
tL MO 

T t + T, 

i Sift*,** 

cam/ 1 ?* -*t ar./ 

£ *rf~4 fjli 

i tS3) S 

03)’ 


Sin ^ co A S i n*§ n / g 


**?[- s{s*Z- 6 r; r, 1 3 

(S*Y 


W(r,)stn^ £ SLn a % 5 / 2 

Fxh r-S**~er,j 


(os?*/ 


StnfjHH* ft/A 1 3 /2 

F*pf- £T £ -2T, 7 

T m J 

Fx p[- 4 J +39tj,'t, e 


| A \B. Table T. K — and £,,£* and £ a represent the values of £ for 

I liter different pulses when thoir widths are not. equal. 

h = (y(J)W 

a . - average field gradient and D eoeffieient of self-diffusion.] 

Ill A P P AKATUH AND ITS A 8 8 E M B L Y 

The block diagram of the apparatus required for the observation of the 
spin -echoes, is shown in the figure 2. The pulse generator generates two, three 
nr more pulses, as may be necessary, with a certain repetition rate determined 



Fig. a. Block diagram of the nuclear induction spin-echo apparatus, 
by (he repetition frequency generator. The pulses gate the transmitter and the 
gated r.f-output is fed to the transmitter coil of the Bloch type probo by a twin 
cable. The other coil, called the receiving coil, placed approximately at right 
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angled of the former and surrounding tho sample , receives a voltage mdm 0 d 
to free precession of the nuclei. This voltage is amplified by an r.f, preantpli^ 
and is further amplified and detected in a receiver. The detected signal is .vpp j 0f j 
to the F-axis of the oscilloscope. Its sweep is triggered by the signal from ih u rc . 
petition frequency generator. The steady magnetic ) field is provided wifh a 
battery driven electromagnet having large pole-face area. It has been deserv'd 
elsewhere by Sail a ct, al (1956). The sample is placed near the periphery of (he 
magnet so that the inhomogeneity at the edges may be utilized. A detailed 
description of the different- parts of the apparatus is given below with a brio! 
discussion on the parts common with the steady experiments reported earlier. 
(Saha el al (1956)1 

(u) Repetition Frequency Generator 

The circuit diagram is shown in the figure. 3. Tl consists of a free runni ng multi- 
vibrator (T 1 and J\) controlling repetition vales which can be varied in steps by 



Fig 3. Circuit diagram of tlio repetition frequency genoialor. 


choosing different RG values and in a continuous way by changing the grid return 
voltage of the multivibrator. The multivibrator grids are conductively connected 
to amplifiers, one of which supplies the sweep trigger of the oscilloscope, while the 
other actuates the pulse sequence through a delay multivibrator. This delay of 
30-60«-scc. is necessary to overcome the sweep starting delay of the Dumont 
Model 304-A oscilloscope, in which the pulse display is observed. The negative 
trigger at the trailing edge of the delay multivibrator output is selectively ampli- 
fied by a saturated amplifier and actuates another cathode-coupled multivibrator 
which produces the first pulse (^4). This monostable multivibrator is provided 
with arrangements for variation of width of this positive pulse over a wide range. 

( b ) Pulse Generators 

Figure 4 shows the circuit diagram of one of the pulse generators The 
^4-pulse is differentiated and amplified by a 6AG5 tube. The positive output cor- 
responding to the trailing edge triggers an ono-shot multivibrator that controls the 
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s|fl , r ,n between the pulses. As before, after differentiation and amplification 
l (N , saturated amplifier, the trigger at trailing edge works an one-shot- multivi- 
| )iaiin ib at generates the Thpulse. The A -pulse and ft- pulse are fed to the two 
„ rH is of a 12AU7 tube respectively. This has a common plate resistor across 



which the output is developed. We thus gel a sequence of double pulses with 
variable widths, separations and repetition periods, all independently eontrol- 
ablo. A second generator chassis triggered by the ft-pulse may deliver a f -pulse 
which may be mixed in a similar way using another half ol a 1 2 \T 1 7 tube to get 
ii tin cm 1 pulse* sequence. In this way, any number independently adjustable 
pulses may be obtained by adding on similar pulse generator eh ass is The final 
pulser staae which is installed in the transmitter chassis and shown m figure 
consists of NTS tube as an amplifier followed by two other N7S tube cathode 



t ig. 5. Circuit diagram of the final pulse stage to drive the r.f. transmitter. 
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followers. The final miser stage is .1 e. roujiled to minimise any distortion j„ 
pulse shape. The biases arc derived through the cathode followers which nornril| v 
)>eep the pulsed staved in the r.f. transmitter (figure 6)— the first amplifier V 



Kig* <>■ Circuit diagram of th« pulsotl r f. liansmit.ler 

the Reoon (1 frequency multiplier I',, the .second amplifier V ti and the final p<mcr 
amplifier V i beyond cut ofT. The final pulses arc of good square shape a it|, a 
rise time ~ 'bl/isce.. The decaying tail is of about 1// see duration. 

(c) fi.F. Transmitter 

The transmitter starts with an electron- con pled master oscillator of freqiwnn 
1 me/s. This can he set at other frequencies too. A selective circuit, in the plate 
of ^(figure fi) selects the, desired harmonic (7th harmonie in this preliminary 
experiment). This is amplified by f 7 2 and fed to a frequency doubler ( V A ) emu it. 
This is again amplified by 1 T , to the level required for adequate drive of the final 
pmver amplifier tube V 6 . Hxceptmg the master oscillator, all the stages arc 
pulsed to minimire the stray signal at the working frequency of 14 Me/s,, between 
pulses, to negligible levels. The pulsed r.f-output, as seen on the Dumont Model 
2114 oscilloscope, indicated that the oscillations are established within a cycle and 
die down rapidly at. the tail. The r.f-oubpul. is taken bv an inductive coupling 
link and fed to the transmitter coil hv a twin cable. The transmitter coil is which 
resonated in a symmetrical arrangement to get a large balanced r.f- voltage nt the 
coil. 

(d) The Nuchar Induction Head and other Accessories. 

The nuclear induction head, as usual, consists of a transmitter coil split up 
into two equal sections containing 11 -turn coil m each half. The two halves 
are wound around two perspex forms of 5/8" o.d, with a sparation of 3/4" approxi- 
mately. The perspex forms are made hollow to minimize the r.f-loss. According 
to Weaver’s model, [Weaver, 1953] one of the sections is held fixed while tin 
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oIIum is kept movable for v-mocle balance. A finer w-mode control is provided 
« li '■ a. topper ‘paddle”, The two variable capacitors, used to resonato the trans- 
mit tv coil, provide the w-mode control by varying the centre voltage. The re- 
tcr cr coil consists of 10 turns of wire wrapped around another perspex form which 
(. 1 . at commodate test tubes of 1/4" o.d. This is placed centrally inside the gap 
|M MU ell the two sections of the transmitter coil. The transmitter coil is not placed 
in Helmholtz proportions with the purpose of increasing the r.f-field impairing com- 
pj.ativcl> little field homogeneity. In contrast to the steady methods of nuclear 
mtliu turn, spin-echo technique requires very little isolation of the receiver from 
llu* tiansnntter because the nuclear response occurs only when the transmitter 
i,s silenced The purpose of balancing is to prevent the receiver from over-driving 
(hiring the pulse periods. 

I !eloi e feeding to the receiver the induced voltage in the receiver coil is amph- 
1'cl In «n r.t-preampliticr to increase the signal to noise ratio. A OAKo tube 
unit .lining the receiver coil with a tuning capacitor at its grid forms this r.f-pre- 
.implificr. r Thc amplified output is fed to the receiver with a single, cable by proper 
impudence matching. The receiver has another r.f- amplification stage in itself 
ami lias a baud -width of KiOKe/s. at 14 Me/s. The receiver paralysis time is 
lvdmcd by i amoving catl-ode bv-pass capacitors at the i.f. amplification and 
i.l uinplilieatjoii stages 

J V . 1C X V 1C K 1 M 1C N T A 1. K E S V J, T H 
7 and K clearly show the effect of field homogeneity on the shape and 
.imphlude of the eelio pulse. 11 is seen that good homogeneity only lengthens 



1 n» signal of protons in glycerine. Kield m homogeneity mdligauHs. 

The v |' pulses arc sharp anti faintly visible. The free induction decay signals 
loll owing the pulses are prominent here, 

the first pulse is of 1)() IJ and the second one is 180° pulso. T t ^ 111 in sot;. 



224 


B. M. Banerjee, S. K. Ghosh and A. K. Saha 



Kij; 8, Echo signal ol pioloiM m glycerine undoi | ho same condition as that nl ? 

excepting the field inhomogeneity winch is equal to 0.5 gauss 

tlio decay time instead of appreciably changing the echo amplitude whm lhi> 
condition > - (A H) AV is satisfied and the diffusion effect may be neglected 
{&I1) A v is tl,c average (iekl iiihomogcneitv over the sample. The decay tune 
is given by the relation 

r J% - ('2 log ^ly{AU) iV 

[\Il) A r calculated v ith this relation and that measured from the steady experiment 



1 ig l ) Multiple exposure fur each signul^of protons in glycorino with two pulse soqueneo 
willi vuriation of t { . Tho first, and second r.f. -pulses are 1)0° and IM“ p 11 ^' 
.“spectivoly Field uihomogenoity (AH^y = 0.5 gauss. Sweep period 1 1 ] 0 m seCl 
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, , (jiiile well within experimental errors. Certain modulation type structures 
|( ularlv prominent in the free induction signals are probably due to the non- 
dent protons in glycerine and perspex form for the sample holder. We 
^ , I, id clear this point at some later occasion Figure 9 is a multiple exposure 
i, ( s jvi,w the envelope of the echo signals of protons in glycerine obtained by vary- 
in „ ;i Bv plotting the logarithm of echo amplitude vs. time we get a straight 
| ll)( and its gradient gives the value of 18m sec. for T.,. Figure 10 represents the 



|«m Id I'jc-ho signals willi Unco 00" i t -pulses, tj (i in hbc, t>, — 17.5 msec. 



1 V' 1 I JMuJiijjIo cxpoHiiio for stimulated echo signal of protons m glycorino with variation 
of t,, s 0.5 gaitbh period 110 m sue. 




226 


B. M. Banerjee, 8. K. Ghosh and A. K. Saha 


echo pulses observed with three pulses and the figure 11 is the multiple exposure 
of the stimulated echo pattern with variation of r, . Similarly as before, from a 
yemi*log plot of stimulated echo amplitude *>. time, we can calculate 7',. This 
comes out to be 2.'1 m see. All the measurements were carried aL the room tem- 
perature 
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ULTRASONIC VELOCITY OF SODIUM CHLORIDE 
SOLUTION IN W ATER-DI AXENE MIXTURES. 

SRINIBAS PANDA and BIBHUTI BHUSAN DEO 

Thysics Department, Ravenshaw College, Cuttack 
(Received for publication , September, K, 1956) 

ABSTRACT. Ultrasonic velocity of sodium chloride solution in -water-diaxene mixtures 
has been measured at 26°C. If is found that the nature of variation of velocity is the same 
as that in ordinary water-diaxene mixturo. 

I N T H O D U C T 1 O N 

Binary mixtures of non-associated organic liquids have been extensively 
studied for ultrasonic velocities and absorption by a host of workers. Similar 
mixtures of associated liquids have also been studied hv Willard (1941) and 
Burton (1948). Their results arc very interesting m so far as velocity and ab- 
sorption maxima are found in intermediate concentrations. They have not 
yet been successfully explained by any current theory. 

Diaxeno and water mixture is often used in physical chemistry to vary the 
dielectric constant of the solvent and it is held that salts, NaCl for instance, de- 
polimerisc water. So it. was felt worth while to study that variation of ultrasonic 
velocity in water-diaxon e mixture 

experimental method 

The determination of the velocities were carried out by the method of photo- 
graphing the Debyc-Searers diffraction spectra which have been reported 
in a preceding paper by Mohanty and Deo (1955). However, no great pro- 

TABLE I 


Percentage by 
volume of 
diaxonn 

Velocity m 
metreH/soc 

100 

1332 

90 

1352 

80 

1400.8 

60 

1540 

50 

1565 

40 

1581 

30 

1582 

20 

1565 2 

10 

1641 5 

5 

1520 

0 

1493 


227 



228 


S. Panda and B. B. Deo 


caution was taken to maintain Die constancy of temperature of the cell con- 
taining the solution since we aie more interested in relative changes of velocities. 
The absolute accuracy of each measurement is not as high as t he relative changes 
of velocities. Further, the solution was continuously stirred hv a flat stirrer prior 
to exposure. The tune of exposure was sufficiently small to allow any abnor- 
mality in temperature during exposure. 

TABLE II 

' Poreentugo 
> by volxim 

% ’ of 10% 20% 30% 40% 50% 60% 80% 

Con- dmxonc 
centra- '■■■ 
tion of \ 

NaCl 

velocity in metros/aoc 


0 

05 

1 523 

1 

1544 

7 

1 566 

3 

1585 

1 

1587 

1 

1572 S 

15 10 

4 

1400 

0 

] 

1526 

3 

1548 

0 

1568 

6 

1588, 

5 

1 500 

1 

1 574 . 5 

1 542 

7 

— 

0 . 

.2 

1531 , 

s 

1 552 

0 

1573. 

.8 

1 502 

4 

1 503 

8 

1477 5 

1540 

0 

- 

0 

3 

1 538 

0 

1550. 

3 

1 580 

3 

1500 

0 

1 507 

7 

1582 3 

1512 

. 7 

— 

0 

4 

1543 

1 

1 565 

3 

1587 

0 

1 602 , 

.7 

1601 

6 

1584.4 

1541 

8 

— 

0 

5 

1518 

-1 

1 560 

2 

J 502 

1 

J 607 

1 

J607 

5 

1581! 7 

J 54 1 

0 



RESULTS AND DISCUSSIONS 
In Table I we report the values of velocities for water-diaxene mixtures. 
They have been previously measured by Bui ton (11148) at 23°C. Our values are 



/ DWXCNl ( b\i vuIuitil) 

Fig. 1. 
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for 26°C. Our values agree very well with those of Burton. The concentration 
for maximum velocity computed from figure l is at 33% by volume of diaxenc 
which is .88 m.f. The corresponding value of Burton is the same 




In Table II the velocities for Nad solutions in mixtures arc given. The nor- 
malities refer to the strength in the total solution. In figure 2 we have plotted 
our values of the velocities for strengths 0.05N and 0.5N. To help subsequent 
discussions and for immediate reference from figure 2 wc find the velocity curve 
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Fir 36 

to be similar to figure 1 ui th maximum occurring; at very nearly at the same 
concentration of diaxene But the values of maxima shift upwards, which is the 
anticipated result. 

Beyond about 60% diaxenc by volume, addition ot Nad docs not change 
the velocities at all. It was not possible to take reliable readings beyond this 
concentration and the solution became syrupy. 

Wc have plotted curves 3(a) and (b) to show the change in slope of velocity 
and water-NaCl concentration graph with varying amounts of diaxene. The 
slope slightly increases or is nearly constant till 30% of diaxene and then falls 
off and at 60% the graph is parallel to the abscissa. Our results therefore, 
bear out the tact that at this concentration the wator-diaxenc mixtures behave 
like a non-electrolyte. 

We also conclude that the already high ultrasonic velocities in associated 
liquids at the maxima (Burton) can lie still further raised by addition of salts. 
In water-diaxene mixture in particular, this result is interesting for naval and 
radio research since the absorption is not high and does not show a maximum 
at lower concentration. 
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A NEW METHOD OF DEMODULATION FOR PHASE, 
FREQUENCY AND AMPLITUDE 

l>. KUNJ)U 
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( Received for publication, October, 26, 1950) 

ABSTRACT. Th ih papor doH<,ubos u new method ot demodulation ol tingle ami amjjli- 
(vide modulated waves The pmiriplo is based on the fact flint the dwtanee between the 
leading edges of the successive pulses obtained by pioperly limiting and then difforontiH- 
tmg a modulated sinusoidul wnve is n function ol the inslaiifimoous ungle. It is also a 
fuin tion of amplitude of the modulated sinusoidal signal if the slicing level is above the zero 
axis These variable distance pulses are Ihcn converted to vunablo amplitudo saw-tooth 
waves. The onguml modulating signal is linnlly obtained by jmssmg the saw-tooth wave 
through a low-pass biter. 


1. JMTRODUCTION 

Existing; methods of demodulation ol angle modulated signal mainly use 
file principle of frequency discrimination in so far as the response \anes linearly 
with the frequency, while a proper de-emphasis network is required for phase 
demodulation. Under certain consideiations which are quite true for the usual 
practice, PM is three times bettor than PM and therefore a direct phase discri- 
minator would have been more advantageous than tlie present practice of using 
combined PM and PM to achieve similar results (Starr, 1952) Besides, a perfect 
limiter and a balanced discriminator are the two essential pre-requisites with the 
conventional discriminators for improving the signal to noise ratio which is the 
main advantage of angle modulation. Further, a frequency discriminator is un- 
suitable for envelope detection required for amplitude demodulation 

2. O E S O HIPTION 

A method has, therefore, been developed which is essentially a phase dis- 
criminator while with slight adjustments it may bo used lor frequency or ampli- 
tude demodulation without having adverse effect on tlie performance of the 
system This method is based on the principle similar to one developed by the 
author (Kuiulu, 1955) which consists of utilising the variation of a particular 
characteristic of a pulse produced by properly limiting a modulated sinusoidal 
carrier. 

When an angle modulated wave is properly clipped near the zero axis, rec- 
tangular pulses are produced, the instantaneous frequency of which is a function 
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of the modulating signal f(t) This information is incorporated in the pulses 
through the duration of the successive pulses as well as through the distance 
between them. The method of demodulation then consists in the reconstruction 
of the original signal f(f) either from the duration or the distance between the puses. 

lu case of FM, the frequency ol‘ the pulses varies directly (or the instanta- 
neous time period varies inversely) with the modulating signal f(t), while in case of 
PM it varies directly with rate of change of/(/), t.e. directly as /'(£). When, how- 
ever, the maximum frequency deviation is a small fraction of the carrier, then 

the instantaneous time period T l e. 7', - j may he considered to have a 
linear relation with /(/.) m PM and f'(t) in PM. 

By differentiating the leading edges of the rectangular pulses of variable 
duration, angle modulated pulses of constant duration arc produced. Th<W 
short pulses are then used to switch off a lniear saw-tooth generator so that a 
condenser is charged in the interval between the pulses, but is discharged on their 
arrival. An angle modulated wave (P.M or F.M.) is thus translated into a saw- 
tooth amplitude modulated wave, the amplitude of which is proportional to /(f) 
m case of FM and to /'(£) for PM. The modulating signal may finally be repro- 
duced bv a low-pass filter. The wave emerging from the filter is. however, the 
original wave integrated in time. If the input is a phase modulated carrier, 
then the modulating signal is directly reproduced at the output of the filter. 
But in case of FM wave, a differentiating network is required to produce the 
original signal. 

The samo system may also be used for AM by changing the clipping level 
above the zero axis. In this case, the bias of a dipper diode is so adjusted that 
a small portion of the AM above the zero axis and beknv the minimum amplitude 
(assuming the amplitude modulation less than 100%, which is usually true) is 
sliced to get width modulated pulses from the AM wave. 


Tf a sinusoidal carrier is given as A sm 


2nt f 

T 


and is sliced as in figure 1, 


Sltci'rvo 

Level* 


■v° 




f\ Strv -JfK t f'J 


l\\ 


/• 




Tumt 


Fig. 1. 
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then 


,# A 

f " 


s ■■ 

v sin _1 
277 


A 


where .4, is the dicing level above the /.ero axis 
Then the width of the pulse : 


A f) 


Or 




when 


A, 

A 


1 


t w or mh. 


where 


m ~— 


A, 

,4 


So Jong as 


A s 


1 . the width of the pulses obtained in this manner bv slicing 


the AIM signal varies according to the envelope of the AM wave These dura- 
tion-modulated pulses are then finally demodulated through the remaining parts 
of the circuit in the usual way. This demodulation, of course, may be eairied out 
lust by passing the width modulated pulses through a low -pass liltci , Besides, 
the usual method of detection mav be used here quite conveniently by passing 
the output of the earlier elippei (which removed the response of one side of the 
axis) through the low-pass filter. 


3 TO X V 10 H I M 10 X T A L K 10 S V L T S AND DIKCU8HION S 

Some preliminary observations have been made with an experimental circuit 
illustrated in the block diagram. A carrier of low frequency has been preferred 
here to assure the optimum operation of the pulsing circuits, while a low r modula- 
tion index was used to avoid any possibility of nonlinearity in the demodulation. 
A local carrier of 25(1 Kc/b from a R ( ' oscillator has, therefore, been used with 
a modulation signal of 400 r/s adjusted to have produced the desired modulation. 
The demodulated output has been observed on the (TRO, and found to he a faith- 
ful reproduction of the original modulating singnal 


rLTLO. UL_X A '■N-/ 



Fig. 2. 


This method gives a. system for directly demodulating a phase modulated 
earner and also the frequency and amplitude modulated signals w T ith a slight 
readjustment in the circuit. The respective advantages of using each method of 
8 
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modulation as regards the signal noise ratio is also maintained. Besides, there 
is a further possibility of reduction of spurious noise due to the fact that limiting is 
an integral part of the system and that sharp timing pulses are only used to switch 
off a locally triggered saw-tooth generator. Any transient interference occurring 
in between the timing pulses will, therefore, produce very Binall effect. Inherently, 
this system is less sensitive, but it can be increased by increasing the deviation 
by translating the i.f. carrier to lower value, which also facilitates the design of 
the pulsing circuit. On the other hand, linearity of demodulation necessitates 
a smaller percentage of frequency deviation. A detailed investigation is in 
progress to study the distortion with deviation, and the noise reduction capability 
of this method quantitatively. A circuit based on this principle of phase discrimi- 
nation as discussed above but with a different technique has also been set tap by 
Chatterjeo to investigate the performance at comparatively higher frequencies. 

As regards the linearity of output with the period, it may be mentioned 
here that this type of demodulation calls for an investigation of period modulation 
of a sinusoidal carrier in which the angle iB so modulated that the instantaneous 
period is directly proportional (i.e. instantaneous frequency is inversely propor- 
tional) to the amplitude of the modulating signal. 
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AN APPLICATION OF LIPSON'S METHOD IN THE STUDY 
OF THE CRYSTAL SYSTEM OF BaBOF ; , 
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Plato V 

ABSTRACT. An application ol Ljpson’s mi'lJioil to Ujo study oi I In' ojy.slul ays lom 
ol BiiMOF) is described. The subhlttnec wus found out 1o ln> nrtliurhombie. and tin* tonal mi ts 
A, Ji and (! iveiv directly determined liom tlie dilfeienee diu^rnma, Com] dote indexing ivus 
done, und Iiom tlio careful observations ol extinction oi hU pbuuw tin* ajmee gioup \uis 
assigned to lie Pima. The men! a of Lipmm's method an* ulbo diacuam'd in del ml 

1NT It t) L) UCT I ON 

A systematic study of BalK)F a along with other oxyfluoride com pounds was 
undertaken to find out not only the ervstal system of the compound but also 
to determine the space group, and structure Full details about the preparation 
and properlies of the substance have been given by Roy (1955) 

The sample was obtained in pou dcied form As it was difficult 1o get single 
crystals of such substances, tlie X-ray analysis was entirely confined to the 
powder method The pictures were taken in a camera of radius 4.18 cui using 
OuKa radiation. As usual 0 V7 1 values and sin 2 0 were determined iiom tlie pic- 
tures. 

A N A 1, V 8 l 8 

The analysis was earned out by Hesse's method (1948). First, seauh was 
made to find out systematic relations foi cubic systems and as no such relations 
were obtained, it was concluded that the crystal system is not cubic. Then 1st 
9 qs (or sin 3 0) we re taken in order and the systematic relations between the 
(fa wore investigated for hexagonal and tetragonal systems. Kven then the oc- 
(uiTence of the ratio wq/w? a without a common factor could not be deduced and 
therefore it was assumed that the system of BaBOF 3 is neither tetragonal nor 
hexagonal. 

Next attempt was made to get' relations lor orthorhombic system. The 
method or Hesse (1948) and its extension by Stosiek (1949) was too complicated to 
be adopted in Ibis case. Moreover, this method requires a very accurate deter - 
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munition of 0 so that an accuracy of usually ±.0002 in sin a 0 values should be 
obtained. In practice such an accuracy can only be expected from pictures taken 
in a very good type ot focussing camera using crystal monocroinator. But with an 
ordinary camera an accuracy of that extent is difficult to attain. In view of 
these difficulties the simpler method suggested by Lipson (1949) was taken into 
account for working out the problem. 

Foi orthorhombic, systems 

shi^j, -- Ah* + UK* + Cl* 

where A - B -- and C— ^ . The problem here is to find the I values 
4a- 4 h 2 4c a ^ 

of A, B and C which give the integral values ot hkl for all the observed q values. 
Since sin a 0 luo — A. sin ‘ 2 0 mo - B, sm L 0 m ~ C, we have 

B | C — Hin^ ()10 d sin a l7 (JII1 — Hiu a ^ 011 

A \ C ----- sin*W l00 A sin‘“f9 001 ---= Hin a 0 1OJ 

A A- B — - sm 2 0 m) -1- siii“(7 0l0 - sin 2 0 1JO 

in jjiaetical analysis, of course, il is not always possible to get the planes 100, 
010. 001. 1 10 etc. because some planes are absent due to vanishingly small ampli- 
tudes and some other planes likely due to non- primitive natme of the unit cell. 
Therefore, to deduce the equations in a more general form we can w rite. 

A -- hiu*0 1oo - sin 2 ^ lur -sm 2 ^ooi 

— sin *O no siii 2 0 ulw 

----- sin-^ur- 

Similarly, 4.1 — Hii\-0 2k ) sin 2 0 OA , 

9.-1 - sin^uz-sin 2 ^. 

The same type of iclations hold good lor the constants B and 

For the purpose of utilising these differences and to find in a straightforward 
way the constants rl, B and (' from the observed data, the sin 2 #,,^ values of all 
the lines are tabulated m one column and in the succeeding columns the dif- 
ferences upto 0 I between, the lines shown at the heads of the columns, and the 
lines immediately following are. noted A plot is then made showing differences 
m horizontal lines for each powder line, as shown in the particular case of BaBOFj. 
While plotting, the horizontal lines are a bit elongated thereby including the 
possible error in the measurement- of 0. Where several values are out- simulta- 
neously by a vcitieal line such points are carefully n,oted. From these points the 
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Powder photograph ol HaUOlM 
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constants are to be deduced. This type of difference diagrams can also be con- 
veniently used in monoclinic cases where ft is nearly 00", and in (diagonal and 
cubic systems as a rough check to the values of the constants oi its multiples 
obtained by different analytical methods. 

From the X-ray pictures of BaBOF, all possible differences were calculated 
in the same way mentioned above. Considering number of lines, a plot was made 
and vertical linos were run across common points as shown in figure l. The maxi- 
mum number that occurred was around .0308 Tins number divided by 4 gives 
another number .0077. Around this number too, there were common points. 



Fig. 1. Diagram of differences m sm 2 0 pibscissa) for linns (ovdumt(i) on powdci 
photograph of DaUOK.i. 


Therefore it was assumed that one constant was .0077. Around slightly greater 
than .0200 and .0812 other common points were noted and probable value for 
the second constant was near about- .0200. The 3rd constant was deduced to 
be around .115 from the values .0115 and .0465. From these values of the cons- 
tants, indexing was tried for each line and for better indexing the constants were 
modified slightly by trial and error till and good agreement was obtained for 
sin 2 0 obB and sin 2 0 ca i e . The constants after refinement- wewe taken as A = ,0077, 
G *= .0116, and J3 = .0203, 
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TABLK T 


Y;i Iul\s of 

Hie 8in 2 0„/, s . 

and sill 2 0«,/ r for 

BaBOK 

rf(A) 

«i« HI” 

2 Ovale 

hU 

indices 

T ob.\ 

1 27 1 

0320 

0310 

01 1 

m.w 

3 s .30 

0300 

0300 

111 

m.w. 

a . i 

04 70 

0404 

002 

v w 

a . 302 

0317 

031 J 

210 

S' 

3 . 308 

. 0340 

.0341 

102 

m.H. 

3 Of) 7 

.0032 

0027 

21 1 

s 

2 810 

0733 

.0744 

112 

xn.s 

2 702 

0813 

.0813 

020 

m 

2 400 

0083 

0075 

212 

\v‘ 

2 300 

I 121 

1121 

220 

m w ’ 

2 102 

1238 

1232 

400 

■w 

2 100 

. 1 34 7 

1348 

401 

V .S. 

2 037 

14 32 

1435 

410 

m \\ 

1 014 

1022 

. 1022 

32 1 

\ ^ 

1 848 

1740 

. 1737 

303 

in 

l 732 

1 030 

. 10+4 

031 

m w 

i 721 

2008 

2021 

131 

w 

1 007 

2130 

2130 

114 

m.u 

1 020 

.2240 

. 2244 

311 

w ’ 

1 388 

2338 

2307 

214 

m.w. 

1 331 

2338 

2340 

304 

m w. 1 

1 480 

2081 

. 2000 

024 

m w . 

1 472 

.2744 

2740 

124 

m 

1 402 

2782 

.2772 

000 

W 

I 421 

2042 

.2040 

133 

m 

1 111 

. 2084 

2077 

1 05 

vv 

1 382 

3111 

.3103 

013 

m.w. 

1 301 

3207 

3208 

203 

w 1 

1 332 

. 3233 

3230 

040 

III w. 



. 3230 

002 
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I 'ABLE 1 (covtd) 


d( A) H »« 

~0ob s- 

Rm 2 *n1r 

hkl 

llld Id's 

John 

1 320 

. :t409 

.3111 

215 

m.w. 

1 , 2SK 

3580 

3581 

02(1 

Til \\ . 

1 . 200 

H7 in 

.3714 

042 

m u . 

1 217 

. 3992 

3984 

514 

M 4 

1 J99 

.1189 

.4132 

405 

111 W. 

1.100 

1332 

4335 

415 

W H 

1 150 

.4490 

4481 

200 

tu.w. 

1 127 

408 1 

4087 

210 

m n . 

1 1(H) 

.4‘M | 

. 1910 

484 

m s\, 



.4928 

800 


1 OKI 

5084 

5072 

310 

IV 1 

1 004 

. 525.-1 

. 5247 

811 

in,\\ , 

1 O’") 2 

.5375 

5392 

802 

w 



. 5387 

250 


L OH 1 

. 5585 

, 5009 

534 

\v‘ 

] ,019 

. 5725 

5717 

731 

w 

1 004 

. 5895 

. 5887 

017 

\v 

o i :i7 

7121 

.7120 

.55 | 

u 

9028 

.7293 

.7281 

903 

M 

8820 

.7(120 

.7028 

354 

JIT \1 . 

so:i2 

7979 

.7979 

0.55 

\\ 1 

849 1 

8239 

8237 

028 

\ TV. 


With the help of the chffWent .Has, am ami the couslants deduced, complete 
".dexms <> all hues were performed. The <f value, calculated ou the bm, 
> i \*a\oength U\J voc - 1-B41KA, sin *0 ohs . and Rin^ ((/f and the intensities 
. . hneS UOr,J sh(wn ia Table T- The intensities of a tew lines at low angle 
Htfion were greatly af Tented by a, heavy background scattering. Oonsidering 
llS ’ 1 U ° ea, ‘° VVas tal{en to Pive the exact nature of their intensities. 


D 1 S C 1 l* fc5 8 I <) n () K T H E | { |fl s v L T K 

^et a rough cheek of the values oi the constants, Lipson lias given a reJa- 
. ^* n ^ s ^ u ‘ llu,11 her of lines observed in a powder photograph 

U 1 1 e COnstauts A ' B ail(1 ( '< He deduced for orthorhombic cases, after consi- 
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flaring the effects of extinctions in a photograph likely to he due to non-primitive 
cell and vanishingly small amplitudes that 

... ( 1 ) 

where M number of lines observed in the film upto 0 m and A , B and V are the 
constants. In practice 0 W cannot be taken too largo or too small, If 0 is large 
then the expression is altered due to too many extinctions for vanishingly small 
amplitudes. On the contrary if it is low, the conditions in which the equations 
are deduced will not hold rigorously. When the magnitudes of A, B and C 
are of same order, 

C~0.4 ain 2 0/ilf a/3 [ ... (2) 

In our case f) m was taken upto 26°. 62 and inserting the values of J,2?\anrJ ( 1 
obtained above, M was calculated from equation 1. The value found was ~ 17 
which agrees with the observed total number of lines upto such an angle. Again 
taking the observed numher of lines upto 0 1t , — 26 0 .62 as 17, the value of one 
constant was calculated by equation (2) and was found out to be .012. This 
agrees with the observed C value, namely .0116. These tests confirm indirectly 
the correctness of the constants. 

The axial lengths w ere calculated from the constants and taking into consi- 
deration the tolerance, can he written down as follows : * 

n -- 8 78 -± .03 A 
h ■= 5.41 ± .02 A 
c- -7.16-1 .02 A 

Search was made for all possible extinctions of the hid planes and the follow ing 
conditions seemed to he present. 

tor hid planes present ■ no condition 

: H / = 2?#, 
no condition 
: h = 2n 
' {h = 2 n) 

. (k = 2 n 
. (/=- 2 n) 

I he most likely space group for this orthorhombic system is Pnma. 

From the density observed 4.25 gm/cuf* the number of molecules per unit cell 
is 4, 

Further work on the above substance will be published shortly. 
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SOMMERFELD'S FINE-STRUCTURE FORMULA FROM 
FIVE DIMENSIONAL WAVE-EQUATION 

0. C. BAN KRJ HE 


DlSJ’AUTMKNT OF TlIKUHimC VL J’HYMi'N. 
lNI)l\N ASSOCIATION 1’OU TIIL I'l'I/riV VJ’ION OF Scil'lNCli, CALCUTTA -Hi! 

(Jirtctred Joi jiubltuition Novembei 24, ISNi(i) 

i 

ABSTRACT In this paper Somme rfeld's lino stiud uro formula in exact fuini lms 
I K‘f mi (IpuvihI from five dimensional \v.in* (‘41ml ion. It appears that the tilth L'cioid\imto 111- 
llueinrs the ninny in the same v\uv ns the spin ' 


I N T K 0 IJ V C T I O K 


iSommerfcld (1910) calculated the energy corresponding to the quantum 
numbers u, n r and 7 for hydrogen and hydrogen like atoms bv extending Bohr's 
quantisation rules to elliptic orbits for an electron moving in a coulomb field 
According to the special theory of relatnitv Accord mg to this calculations, 


1 

ir„, - u , , I 

l («, I- v ^(7-!-l) 2 -- jt*2 2 )aJ 

Hhz l \ . , xh- In If \ \ 
# L' ' n‘ (/+[ "4 )} 


( 1 ) 


(l»J 


where a is the line structure constant and Z is the nuclear charge number. The 
equation (I) agrees with experimenl al data over wide range of wave lengths and 
the approximate equation (La) explains experimental results 111 the optical region 
within the limits of experimental error. 

In w Ave mechanics, however, the parallel calculation from Klem-Cordou 
equation, which is the relativistic analogue of the Nclirodiuger equation, gives 



aV l-i 

VUH-i) a — a 2 = 3 -l 4)* J 


... (2) 


Jtliz 2 f 

1 I 1 

' « _3U 

n* l 

‘ 1 nr \ 

l+i 4 // 


(2a) 


Hcisenbeig and .Jordan (1920) and Pauli (1927) have made calculations where 
uilluences of relativity and spin are taken into account by pet tur bat ion method. 
Thru- results slmw that if we take only relativity correction we obtain the approxi- 
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mate Kq. (2a) and it, further spin correction is added we get the approximate 
Bq (la). Hence to make the theoretical formula conform to the experimental 
data, it is necessary to take both the influences of relativity and spin, even then 
they obtain the approximate relation (la) which is so because perturbation method 
has been employed to deduce the energy corrections. 

The calculations, according to Dirac’s theory which incorporates spin and 
relativity in an inseparable way lead to the exact expression i.e. equation (1). 

In the present paper the author shows that Sonimorfeld’s formula m exact 
form can be obtained from the relativistic wave equation in live dimensional 
space-time similar to the Klein-Gordon equation The spin of the electron does 
not show up cxplicity here, but it appears that the additional momentum compo- 
nent of the space considered may be closely related to the spin. 

DERIVATION OK K1NE-ST ItUPTURli FORMULA 


According to the special theory of relativity the total energy W of a particle 
moving in a field of potential V is related to its momentum p and lest mass m bv 
the equation 


(W -V) 2 


Ln a five dimensional space-time continuum, the time independent part of the 
momentum p has got. four-components p x p„ p, and p t and hence 


Replacing the components of the momentum by the corresponding Schrodinger 
operators and putting V = — we obtain m the usual manner the wave equa- 
tion 


ay , av , W , ay + ( A . h z a “ a ) ,/,=<> ... (4) 

rto* ^ dip iV ds 2 ' r r* / 



H'Ze* 

ftV 2 
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, 3 ^ A I 1 a ( M d t) + 1 1 , fl V 

flr 2 /■ dr r 2 sin 2 ,y siiwV 00 \ d() f r* sin 2 ,y sin‘ 2 0 30 s 


sm- x 


J 

fir 


( SU, 2 4 f + ( A + ~r 


zw 


W = 0 


(4h) 


We further maintain that the solution \j/ van be written in the form 
tjr -- ijf r . ijr ft . \p v and lienee the equation (4a) becomes 


-| a *tr , / + 3* , ZV) ,,, 1 , fi 1 i_. 

ijtr L dr 2 r 0 1 \ r r a / 1 r J L ^ sm 2 x K1 ^ 0 


r? 

00 


(huiA ?*»)<* l -. 1 . 

\ dO i lb. sm 2 v sm 2 0 deb 1 


iff e sm 2 x s ' n “ 0 0(f> 2 

H X °ty)]- {) 


J L d 

tj/ x ’ sin 2 x 


we muy VMite the above equation as 


I d ^, ^ ! / { + '211 ZW\ ij$ r } ^ K 

i,'/ r L dr 2 i dr \ ‘ 1 i r 2 I 


and 


_L 1 0 

ijr () ‘ sm 2 x win 0 00 


f £ • mtxmM- *£? 1 


1 d_ 
sin 2 x ‘ Ox 


Hlll“ X 


, Hh. \ _ 
d,Y 


r rjie equation (4e) admits of single valued solution when J\ — l (l-\- 2)vhere / is a 
positive integer. This gives us 

ft 8 — J J f(cos 0), iji e — D,r e m f and ft x — /) A , sin'y 

where /d v and are the normalization eonstants. The value of is as follows 


2'< J (/4 1)’ 

/ - r 

1.3 5...(2H-J) 

\ 7T / 


D, 
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So the radial equation (41)) may be written aw 


0Vr , 3 #r 

dr- 1 r dr 




ZB 

R 




( 6 ) 


where tfs* - V 'I 2) 

To obtain the fine struct arc. foimula let us now solve Ihe equation (5) by the well- 
known polynomial method. Jn case of hydrogen like atoms IT < 0 and if we 

1 k )y 

s( q 4 --- and /)—*■' Ihe admissible solution of ip , is 

»* '» 

_ P 

i>, - * 2 - <• 

whcM'e r is a polynomial given by r ~ p'luup f>‘‘ where y is a constant, and v = 0. 
I ■_> a. Substituting this value ot \p r m the radial equation (5) we have 




\ 1 1 ( 112 )- 


f r 


Substituting the polynomial expression for r in this equation and equating the 
coefficient of /) y ~‘ 2 — 0 we finally obtain 

7 4 1 =. V(M l) 2 - A* W 


Limiting the senes at v 


n T we have 


n r 


7 I 1 " 


B 

V d 


C7) 


Squaring both sides of equation (7) and substituting the values ot .1 nnd H, we 
have for au electron moving m a eoulomb field 

"’“M 1 

Substituting the value of (7+1) bom equation («), we have. 

H " "'""l 1 h (» r +V(M 

This aquation is the well known Sonuuerteld a fine structuie loimula. 


DISC U H H I o N 

The idea of five dimensions used m this paper was first mtrodueed by Kaiur.a 
(1021) to unify gravitational and electromagnetic fields hut he did not assign 
any physical significance to the fifth coordinate. 
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Flint ( 1940 ) has shown that by the introduction of the fifth coordinate in wave 

, & 


mechanics one can obtain the electronic radius 


_ and the fundamental length 
m n cr b 


as natural consequences of this representation. 


In the present paper it is shown that a five dimensional second order wave 
equation gives us the same energy levels of the hydrogen atom as were obtained 
from the first order equation of Dirac In our equation the idea of spin has not 
been explicitly introduced so far as the energy levels of the bound electron are 
concerned, the fifth coordinate influences the energy exactly in the same way as 
the matrices of Dirac j 

A C K N O \V 1, 10 IMJMENT \ 
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APPARENT SEPARATION AND INTENSITY RATIO OF 
CLOSE SPECTRAL LINES 

K. 0. CHATURVJSDI 

lftG-D, Kami \ Naqaii, l)iiLHi-(i 
{Jivvciml for /jiibl tmtwii Mai/ UlfW5) 

ABSTRACT. Jn Mils paper tin* author has (lisrussod the lclutioiihlnp between Iho trut* 
separation la), Iruo mtenHity ratio (6) and uppiuonl .separation (o') and apparent intensity ratio 
( b ') whi'ii (l) matiumcnlal line width is negligible und (u) when natural lino width is negligible 
UrapliK ha vo boon drawn, whieli may bo unod to rorroot foi shrinkage offout. 

I N T R O 1) U (! T 1 O N 

In every spectroscopic instrument. the mutual overlapping; ot‘ intensity pat* 
terns of two close spectral linos results m their spurious closing together. Very 
Little work has been done on this impoilant aspect, which introduces considerable 
error, if disregarded, specially when the instruments are used to the limit of 
their capacities. 

The analysis of the problem becomes extremely difficult when both the instru- 
ment al and the Doppler line widths are taken into account Oldenburg (1922) 
has discussed the case in which there is partial overlapping of the Doppler distri- 
bution of two lines In his treatment- he implicitly assumed that, the Doppler 
width is much larger than the instrumental width for the latter to be disregarded 
Thus assuming the intensity distribution to be governed by Doppler effect, Olden- 
burg (1922) has shown that the shifts and jc 2 , due to shirnkage ei’lect, of the weaker 
and st ronger lines respectively from their true positions are given by 

ah 

e a '*~\-b—2a*b 

_ a 

X "-~ 

where 

r = vW 1 ' — r o)» a = VP &v, ft = /i cJfiRTvff 

and b( > 1) is the intensity ratio of the two component lines. 

It is evident that to determine t 1 and x 2 from the above formulae, wc must 
kuow the true separation ft and intensity ratio b of the spectral lines. However, 
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in practice we can measure only the apparent separation of the two lines a' and 
apparent intensity ratio b' , given by 

a' — a—x l —x 2 

and 

V - hth 

where / 2 and I x arc the stronger and weaken maxima respectively of the resultant 
intensity pattern of the (wo spectral lines In this communication, the author 
has discussed the relationship between n, b, a’ and 6', and found that l V is approxi- 
approximatcly ecpial to b for all cases of interest. Graphs between (rr — «') and 
a' for various values of b have been given, which may be used to correct (for the 
shrinkage effect. \ 

Moreovei Oldenburg’s treatment cannot be applied to those cases in 'w hid i 
the Doppler width is less than the instrumental width, as has been pointed out 
by Tolansky (1947) A small gap Fabry Perot etalou is generally employed in 
the examination of a widespread spectrum and the observable line w idth is mainly 
due to the instrument and not due to the line. Similarly, with the prism and the 
grating and even with high resolving power instruments, when modern hvperfine- 
structurc sources like the atomic beam are used, the condition essential to Olden- 
burg’s treatment that the instrumental width must he less than Doppler width, 
breaks down. * 

Sodha (1955) has developed a method of successive approximations to eal- 
eulatc the shift of close spectral lines due to mutual overlapping of intensity pat- 
terns, when Doppler width is negligible. To determine the shifts x x and x 2 b}' 
this method we must know the true separation a and intensity ratio b of the spectral 
lmos. But in actual practice we can measure only the apparent sepai ation a' 
and apparent intensity ratio b' . In this communication the author has discussed 
the relationship between w, 6, a' and h' for Fabry Perot etalon. It has been found 
that' b and 1/ are considerably different in this case. .Hence the author has finally 
given a figure illustrating the variation of ( b—b ') with b' for various values of 
a' and another figure showing the dependence of (a — a') with a' for various values 
jo b. Using these two figures, it is very easy to obtain the true separation a and 
aift true intensity ratio b from the observed apparent separation a' and in- 
tensity ratio h*. 


NEGLIGIBLE INSTRUMENTAL W l D T H 


The intensity distribution of a spectral line of wave number v 0 due to Doppler 
effect is given by 

where /? = p being the masB of radiant atoms. 
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The intensity distribution of another spectral line of wave number (v 0 h~Av) 
and an intensity b times that of the lirst is given by 

I" = bl a o)i 


if Av is small [fi same for both tho lines) 


Putting \/ ft{v — i’o) — x and \/(] , Ai> — n, the resultant intensity pattern 
given by 




... (1) 


Now. the value of x for which the maximum of the resultant intensity pattern 
occurs, is given by 


1 dl 
2/ 4i ' dx 


M-x” 4- b(a - = 0 


1)1 0(.r) — b<j>{r< — v) ... (2) 

v liere 




The stronger maximum (# — a- x 2 ), v Inch occurs near ,r — a j ean be deter- 
mined by solving equal ion (2) by the method of successive approximations. 

The weaker and the stronger maxima of the resultant intensity pattern are 
respectively given by 


A 

7 . 


j-be - (o - a;, )-’ 


... (3) 


h — e -(a~# s )* ... (4) 

■*o 

The apparent intensity ratio (b f ) and apparent separation («') of the t wo spectral 
lines are given by 

b’ = b ... (5) 

f 1 

and 

a * — a—x 1 —x s (b) 

The details of the calculations ai'e given in Table I, which gives the variation 
of (a— o') and b' with «' for b — 1, 2, 3, 4 and 5. It is seen that in all cases b ~ b. 
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The variation of (a — o') with a' for various values of h is illustrated figure l. 
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TABLE I 

Variation of (r/. — r/') and b' with a' for b — 1,2, H, 4 and 5 when instru- 
mental width is negligible 


/> 

Xi 

* 1 

tt — X | | 

a 

lx 
/ 0 

j 

J 2 

1 1) 

b 

II - 

1 

r/ — f f ' 1 
-Xl+Xj 

a* 

1 

0 01 

2.330 

2 . 346 

1 004 

0 0100 

1 004 


000 

O 0200 

2 3260 

1 

0 05 

1 900 

l 959 

1 024 

0 0500 

1 .024 


J 000 

0 1000 

1 8590 

1 

0 10 

1 . 083 

1 783 

l 049 

0 100 

1 049 


1 000 

0 2()0O 

1.5830 

l 

(1 15 

1 . 533 

1 083 

1 073 

0 1600 

1 073 


l 000 

0 3000 

1 3830 

1 

0. 18 

1 457 

1 . 637 

1 088 

0 1800 

1 .088 


1 000 

0 3600 

l 2770 

-> 

0 01 

2 . 492 

2 . 502 

1 . 004 

0 0025 

2 002 


1 991 

0 0125 

2.4895 

2 

0 . 05 

2 105 

2 155 

1 021 

0 0107 

2 010 


1 968 

0 0607 

2 0943 

2 

0 10 

1 011 

2.01 1 

1 . 042 

0 0185 

2 018 


l 937 

(1 1185 

1 8925 

-j 

0.11 

1.883 

1 993 

l 045 

0 0190 

2.017 


l 930 

0. 1290 

1 8640 

3 

0.01 

2 583 

2 593 

1 . 004 

0 0011 

3 001 


2.990 

0 01 1 1 

2 5819 

3 

0 04 

2.207 

2 307 

1 .010 

0 0038 

3 005 


2.958 

0 0438 

2 2632 

:i 

0.08 

1 2.091 

2 171 

1 032 

0.0066 

3 009 

2 917 

0 . 0866 

2 0844 

:i 

0.11 

2.003 

2.113 

l 042 

0.0084 

3 OK 


2 890 

0 1184 

1.9946 

i 

0.01 

2.640 

2.650 

1 004 

0 0006 

1 002 

3 988 

0 0106 

2.6394 

i 

0.04 2 .130 

2 370 

1 .015 

0 0021 

4 004 

3 . 943 

0 0421 

2 3339 

i 

0.08 2.105 

2 . 245 

J . 030 

0 0037 

1 . 007 

3.888 

0 0837 

2 1613 

4 

0 1 

2.08-1 

2.194 

1 . 040 

0.0045 

4 008 

3 855 

0.1145 

2 0795 

*5 

0 01 

2 - 680 

2 090 

1.004 

0 0004 

5 001 

4 . 982 

0 0104 

2 0796 

5 

0 04 2 387 

2 . 427 

1 015 

0 001 4 

5 003 

1,928 

0 04 14 

2 3850 


O.0H 2 223 

2 303 

1 029 

0 0023 

5 005 

4 862 

0 0823 

2 2207 


0.11 2 143 

2.253 

1 039 

O 0029 

5 006 

4 819 

0.1 129 

2 1401 


♦Obtained by trial and error. such that the condition ) -= &0(a~.v,) >s satisfied. 

Now, the value of x for which the maximum of the resultant intensity pattern 
occurs, is given by 

1 dJ x _ b(a—x) _ 0 

~ 27 0 Tx “ H +*■)» (1 +(«-*)•? 


or 


3 


F(a:) — bF{a~x) 


- ( 8 ) 
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where 


m = 


X 


The stronger maximum ( x = a—x 2 ), which occurs near x — a, can be deter- 
mined by solving equation (8) by the method of successive approximations given 
by Sodha (1955). The weaker and the stronger maxima of the resu.tant intensity 
pattern are respectively given by 


h _ 1 i b 

I Q 1+x‘j ^ l + (a-.T l )' a 


( 9 ) 


h = 1 , b_ 

h l+h/~.r 2 )- \-\-x 2 


\ 


( 10 ) 


The apparent intensity ratio (//) and apparent separation (a') of the two 
spectral linos aro given by 

6' = . ■ (11) 
M 

and 

(l * — (V £L"|* — iUjj (1^) 

The details of the calculations are given m Table 11, which gives the variation 
of (a— a) and h' with a' for 6 — 1, 2, 9, 4 and 5. The variation of [a— a’) with 
a' for various values of b is illustrated by figure 2. The variation ol b' with a* 
lor various values of b is illustrated by figure 3. 



FiK. 2. Variation of (a — a') with a' for b — J, 2, 3, 4 and 5 for Fabry 
PQtot ~E talon. ' 
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. V ■ \ . TABLE II 

Variation of (a - a') and b' with n' for b = 1, 2. 3, 4 and for 
Fabry Perot etalon. 


1 


* 

i 

/, 1 

1 

1 

J „ 


a — n ' 


6 


a—xi 

a | 

ii | 

j'j 1 

h 

b -A 

=*!+*« 

n' 

1 _ 

1 

001 

4.40 

4 . 47 1 

l .048 

0 0100 

1 048 

1 000 

0.0200 

4 . 4500 

1 

0.06 

2.27 

2 33 

l. 159 

o.oooo 

1.159 

1 000 

0 1 200 : 

2.2100 

1 

0.11 

1.74 

1 . 85 

1 . 236 

0.1 100 

J . 236 

1 . 000 

0 2200 

1 0300 

1 

0. 16 

1 .44 

1.00 

1 . 300 

0 1000 

1 . 300 

1 . 000 

0.3 200 

1 2 COO 

L 

0 21 

1.24 

1 45 

1 . 352 

0.2100 

1 .352 

l 000 

0.4200 

1 . 0300 

2 

0.<01 

5.74 

5.75 

l 059 

0 . 0025 

2 029 

1 .917 

0.0125 

5 7375 

2 

0.06 

3.00 

3.06 

1 196 

0 0145 

2.097 

1 753 

0 0745 

2 9655 

Z 

0. 11 

2. 38 

2. 49 

1 288 

0.0240 

2.140 

1.601 

0 1340 

2 3500 

2 

0. 16 

2 . 05 

2.21 

1 . 359 

0.0330 

2.172 

1 . 598 

0 1930 

2.0170 

o 

0.21 

1 84 

2 05 

1 416 

0.0400 

2 196 

1 551 

0 2500 

1 8000 

3 

0.01 

0.60 

6.01 

1 067 

0.0011 

3 022 

2 832 

ft 0111 

0 5989 

3 

0.00 

3 50 

3.56 

1 . 223 

0 . 0004 

3 073 

2.513 

|0.0G64 

3.4930 

3 

0 11 

2.81 

2.92 

1 , 325 

0 0108 

3.105 

2 . 343 

0.1208 

2.7992 

3 

0. 16 

2.44 

2.00 

1 . 400 

0.0146 

3.129 

2.225 

0 . 1 746 

2 . 4254 

3 

0 21 

2.20 

2.41 

1 .472 

0 0177 

3.148 

2.139 

0.2277 

2.1823 

t 

0.01 

7.30 

7.31 

1.074 

0 . 0006 

4.018 

3.743 

0.0100 

7 . 2994 


0.00 

3.90 

3.90 

1 . 243 

0 0035 

4 060 

3.260 

0.0035 

8 8965 

4 

0.11 

3.14 

3.20 

1 350 

0 0061 

4.087 

3.013 

0 1161 

3.1339 

4 

0.16 

2.73 

2 89 

1.448 

0 . 0082 

4.107 

2.836 

0.1682 

2.7218 

4 

0.21 

2.46 

2.69 

1 .517 

0.0100 

4,122 

2.717 

0.2200 

2.4700 


0.01 

7.85 

7.86 

1.080 

0.0004 

5.016 

4.646 

0 0104 

7 . 8496 


0 06 

4.23 

4.29 

1 .201 

0.0022 

5.052 

4,006 

0 0622 

4 2278 

r» 

o.n 

3.40 

3.51 

1.38G 

0 , 0040 

5.075 

3.061 

0.1140 

3.3960 

5 

a. 16 

2.90 

3.15 

1.478 

0.0053 

5.092 

3.445 

0.1653 

2.9847 

5 

0.21 

2.72 

2.93 

1 . 553 

0.0064 

5.105 

3.286 

0.2164 

2.7136 


■"Obtained by trial error, such that the condition bF(n iC|) is satiefied, 
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The variation of (6 — A') with b' for different valuer of a* is given in Table III 
nhich has been tabulated from figure 3. 



Fiji . 3 Variation of 6' with a' for b — J, 2. 3, 4 ond 5 for Fabry P^rpt E talon, 

TABLE III 

Variation of (ft — 6 r ) with b' for different values of a' for Fabry Perot o talon 


6 \ 1 : 2 * » 



! b' 1 6-6' 

1 b> 

6 - 6 ' 

6 ' 

j 6-6 

i 6 ' 

j 6—6 

! h ' 

| 6 - 6 ' 

1 8 

l 0 

l . 5 r» 

0,45 

- 

- 

... 

- 

- 


2.2 

) 0 

1 114 

0 30 

2. 13 

0.85 

- 




2.0 

1 0 

1 71 

0.20 

2.28 

0 72 

2 78 

1.22 

- 


:i (i 

I <1 

1.7(5 

0.24 

2.40 

0.00 

2 90 

1 .04 

3.40 

1 54 

3.4 

1 0 

1 .80 

0.20 

2.40 

0.51 

3. 1 1 

0.89 

3.00 

1.34 

4.0 

1 0 

1 , 85 

0.15 

2.60 

0.40 

3.30 

0.70 

3.92 

1 .08 

r> o 

[ 0 

i .no 

0,10 

2.72 

0.28 

3.50 

0.50 

4.24 

0.70 

11 . 0 

I 0 

1 .04 

0.00 

2. 84 

0.10 

3.08 

0.32 

4.52 

0.4K 

8.0 

1 0 

1,90 

0.04 

2.88 

0.12 

3.78 

0,22 

4.00 

0.34 


Table III is illustrated by figure 4. 

Figure 4 and figure 2 can be used to determine a and b from a* and b ' 
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Fip 4. Variation of (b- b') with b' for diifrmit vnlui'h oJ n / lor Knhry 
IVrot EUilon 
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DIPOLE MOMENTS OF SOME SUBSTITUTED 
BENZENES AND PYR1DINES 

PART I— FLUOROTOLUENES 

C. R. K. MURTY 

Department of Physics, Andhra University, Waltair 
(Received for publication October 20, 1950) 

ABSTRACT, r rho dipolo moments of ortho, mot a and para fluorotoluenop/wnre doter- 
minod in dilulo solution m lion zone using muddied Duggenhoim method and Palit’s correction, 
'fho values were found to agree with those calculated hom group moments usingiSmallwood 
and 1 hT/fold’s method. The induced ollect in halogon substituted toluonoH \woio found 
negligible. | 

\ 

I N T K 0 D U C T ION 

The dipole moments of oitho, meta and para fluorotoluenes were determined 
in the vapour state by Moore and Hobbs (1949) and the values were compared with 
those calculated using the vectorial method. Dipole moments were not determined 
for these molecules in dilute solutions except for the para compound which was 
mvestigated by Myers and Vries (1951) in benzene solution. # Tn tho present in- 
vestigation the dipole moments of ortho, meta and para fluorotoluenes were 
determined using solution method and benzene as solvent. The present observa- 
tions complete the dipole moment determination on halogenated toluenes in dilute 
solutions 


K XPElllMENTAL 

The experimental arrangement used for measuring the dielectric constants 
of solutions is similar to that used by Lo Fevrc, Ross and Smythe (1950) with 
some minor changes in the circuit and component values. This type of arrange- 
ment was used in measurements on gases and changes of the order of 0.0002 pf 
were detected. In the present experiments on dilute solutions the limit of accu- 
racy was set by the precision condenser (G. R. Type 722-D reading to 0.02 pj) 
and not by the detecting device. 

The cell for containing solutions is of the Sayce and Briscoe (1925) type modi- 
fied by Sugden (1933) for the absolute determination of the dielectric cons- 
tants of benzene and chlorobenzene. The capacity of the coll is 54.4 pf. Tho 
constant of the cell and leads correction were determined by taking benzene as 
standard liquid whoso dielectric constant and its temperature variation are ac- 
curately known. 
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The refractive indices of the solutions were measured with a Pulfrich refracto- 
meter of the Bellingham and Stanley type. 

METHOD OF CALCULATION O I ' 1 T HE DIPOLE MOME N T 

Modified Guggenheim method (1951) was used to compute the dipole moments 
from the experimental observations. In tins method the orientation polarisa- 
tion P d is given by the equation 


Pi 


3 ^2 f / _e„—_ e x \ _ / nfi—nf \ } 

(e 1 +2) 2 dj \ \ W 2 ) ' W 9 / >oJ 


where c 1 is the dielectric constant, of the solvent, d l its density and n t is its re- 
fractive index. e 12 and n V£ are dielectric constant and refractive index of the 
solution; M 2 and W z are the molecular weight and weight, fraction of the solute 
respectively. The values for the terms in the brackets arc obtained by graphical 
extrapolation. Then p is given by the equation, 

//, = 0.0128 y/Pd,T where T is absolute temperature. 

A more general equation given by Palit (1952) for ihe computation of tho 
dipole moment, which reduces to that of Guggennenn under some simplified as- 
sumptions, was also used for calculating the ft values and it was found that both 
methods give the same values when benzene is used as solvent. The final values 
givon were obtained by using Palit.’s equation (7) of his paper. 


p __ | w-i)_ /. 2 a 0 I r 6Jf 2 , a J , y 0 “I 

" [ \ dj riri^+2? I UjK-i 2)»J 

The values of /? 0 were calculated from refractive index measurements as indicated 
by Palit. 

The values of dipole moments were also calculated from the group moments 
using Smallwood and Herzfeld’s method (1930) taking inductive effects into consi- 
deration and applying Le Fevres’ correction (1937) for tho dielectric constant of 
the inter nuclear space. The following values of group moments and polarisaln- 
lities were used in these calculations. 

Polarisability 
ax 10 24 . 

0,57 c.c, 

2.45. 


Group. 


F 

CH S 


Moment 


Ml 

1.45D 

0.40 
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L>5S 

K E S U I- T « A N D D I S C USSlUN 

The results (Murty, 1950) of the three liuoi otolutenes are given in the follow- 
ing "rubles 1, LJ and 111. In Table IV are given the consolidated values of the 
dipole moments along with those lor other halogenatcd toluenes together with 
ealrulated values as given by Moore and Hobbs (1949). 


TABLE 1 
Flu or o toluene 


j 


Sr. 

No II 


A* 

At/ir 

n } > 


A« J \ 


1. 0 00730 

2.2800 

0 OK)') 

1 .712 

J I9:i0» 

2 2201.7 

0 001.70 

T " ~ 

1 0 203 

2 0 01727 

2 20 7 1 

0.031 1 

l .734 

1 40280 

2 22872 

0 00103 0 M2 

:s o 04303 

2 3341 

0 0701 

1 722 

1 4U2I7 

2 220.77 

0 0040S 

0 00.7 

‘1. 0 0,7078 

2 . 3.747 

0. 0007 

1 .712 

1 40202 

2 22014 

0 004.71 

0 070 

7 o 07H30 

2 .‘ism 

0 122,7 

1 ,704 

1 10144 

2 22110 

0 0002.7 

0.080 

\ H’/ir ->o 


K It / 11 — >0 

-0 137 , 

34 4 r 

r, fi - 

30 l). 



TABLE IJ 

w-Flunro toluene 


•Si , 

Nh Tl' c | ™ Af At/ir «,» Aa- Aa-'/Jl 


1 0 0211)0 

2 3203 

0.0003 

3 014 

1 49270 

2.22771 

0 00201 

0 13 J 

2 0 033.70 

2 3000 

0 0000 

2 8888 

1 401(7.7 

2.22471 

0 00.704 

0, 177 

3 0 04751) 

2.3077 

0 1337 

2.810 

1 40J48 

2 224-70 

0 00017 

0 120 

4. 0.07331 

2 40.70 

0 2010 

2 770 

1 40081 

2 222.70 

0 00817 

0. 11 1 

.7. 0.10000 

2.0301 

0.2721 

2.723 

1 10013 

2 . 220.70 

0 0101 ,7 

0 101 

0 0 ] 2000 

2.0013 

0 3373 

2.077 

1 48970 

2,21030 

0,01120 

0 000 


■2 03 ; ^ 

' A" “ \ 

^ W /W-H) 

= 0.140, 

P ( l = 04.2 

c.r. V- = 

1.78 n 
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TABLE 111 
p-Fluoro toluene 


U. 

r,» if 

‘■12 

&E 

Ae/ir 


aJ.j 

A»- 

ir 

| 0.02984 

2.3508 

0 0058 

3.210 

1 40181 2 

22551 

0 00514 

0 172 

> 0 041151 

2. 4108 

0 1558 

3.147 

1 10113 2 

22347 

0 00718 

O. 145 

0.07513 

2 4080 

0.2340 

3.114 

1 40003 2 

, 22010 

0 01046 

0 130 

0 01)228 

2.5400 

0 2850 

3.080 

1 48008 2 

22004 

0.01061 

0.115 

■j 0 1 2600 

2 6483 

0.3843 

3 . 036 

1 48801 2 

21684 

0.01381 

0 loo 

(*\ 

»•». ( 


- 0 184. 

Pit - 1 1 .2 (\<‘ 

n 

1 88 P 


_ . . 

. 

. - - 


— 

- 

- 

- 


TABLE IV 


UoltM'lilr 

Oithci 

Cak-d. 

Ohs 

Meta 

Cak'd. Ohs. 

Paul 

Cak'd. 

Ohs. 

riuorotolmaiH (sas) 

1 46 

35 

1 82 1 . 85 

1 .08 

2 OIL) 

khimotohicnc (sol) 

1,32 

1 . 30 

1 75 1 78 

1 02 

1.88 

(1.82) 

('him otolunuc (sol) 

1 41 

1.43 

1 70 1 . 77 

1 . 05 

1 04 

Bminotohicnc (sol) 

1 38 

1 44 

1.76 1.75 

1 02 

1 03 

Imlotoluom* (sol) 

1.24 

1 33 

1 61 1 67 

1 77 

J 80 


Table IV shows that the dipole moment increases ivom ortlio to para com- 
pounds m all the halogen substituted toluenes. Since the benzene ring is a, plane 
hexagon with its external valencies top lunar, the moment resulting Ironi the sym- 
metric methyl group must act in the direction of the bond between methyl to 
ring carbon. The moments of halogens in the para position also act in the same 
direction. The increase of moment from ortho to para substituted toluenes indi- 
< ate that the methyl to ring line is the plus-minus direction of the dipole since it 
was established that the (*--01 link has positive end on the carbon atom. It, maj 
he noted that the hyperconjugation of the substituted methyl group also produces 
a polarity in the same direction. 

The solution value obtained for p-Huoro toluene from previous investigations, 
shown in brackets in Table IV, differs from the present value. This difference 
may arise from the difference in the method ut calculation adopted by the previous 
investigators who used fledestrand method. The present value is nearer the cas 
value. 
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The calculated values using Hie vectorial method agree with the observed 
values very closely. The induced effects in substituted toluenes may probably 
he negligible due to the low moment ol the methyl group. 

A ( ' K N <> W L E I) (I iM E N TH 
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IMPROVED performance of photomultipliers 
IN SCINTILLATION counters 

A. ASHMORE, B. COLJJNGE and S. K. SEN* 

NurLEAH PlIYHlC’M HlCHEAHCU LATiORATOKlliN, Livimrom, 

(Received fm jiublunhon, July 2(1, 

ABSTRACT. The nan o( h rul.horic follower l.u reduce (ho effective capacity to earth 
ol the collecting electrode of . 1 , photomultiplier, enables higgei voltage pulses to ho obtained 
for the same degree of non-linearity in the photomultiplier The investigation Iuih been made 
of the improvement obtiunecl with an Jfi.M I (>2ti0 photomullipher under typical opeiatuig 
conditions, 


T N T H () 1) 1! CT I ON 

In ft spiul illation eoantei, the height of the pulse produced by the photo- 
multiplier is nol necessarily proportional to the light output from the phosphor. 
UohlmiH and It a flic (1052) have investigated the behaviour of the F,MJ. 5311 
photomultiplier Non-linearity is apparent for pulse heights exceeding 0.1 
V0 H with anthracene or stilhene crystals, and 1.0 volt with potassium iodide 
crystals The effect is thought to be due to current limitation m the later stages 
of the photo multi pi iei . 

For some purposes these pulse heights are inconveniently small; for example, 
when pulses from a photomultiplier and an organic phosphor are required to 
Iced into an amplitude discriminator capable of handling pulses of a fe^ tens of 
millimicroseconds duration, without the addition of a wide band amplifier The 
circuit described m this paper reduces the capacity of the collecting electrode of 
the pholomnltiplier and hence enables larger pulses to be obtained for the same 
degree of non-linearity- It has been used in a fast coincidence circuit (Col lingo 
vi ul, 1950) in which amplitude discrimination of the pulses from the photomulti- 
plier is provided. 

Non -Linear Uif of the FS.M.I. 0260 pholoninlhphe.r 

The behaviour of an K.MI 6260 photomultiplier has been examined using 
polonium alpha particles and stilhene and potassium iodide crystals. The varia- 
lion of the pulse height at various dy nodes was obtained from the peaks of bias 
curves taken with a single channel pulse analyser. The curves shown m figure I 

were obtained from measurements with a stilhene crystal. The photomultiplier 
dynodes were supplied through a chain of 100 K resistors, and the potential ( i 
1 Now in \\\o bWil.ulo of Nuclear PIivmfh, (tolrultji University. 
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ferenee between the 11th dynode and the collector waft kept constant at 150 
volts. The pulse heigh 1 ratio for successive dynodes is plotted against the inter- 
stage potential. The non-linear behaviour of the 9th, 10th and 11th dynodes is 



lilt i-M’Nt h j£i* polunt ml (Yolth) 

Fig I. ('uixtv. showing the non-lim*arily of t.ln- pliolomullipho 



Actuul pulRe lioight (Volts) 

Kig. 2. Variation <<l tin* ilogror of non -linearity ol (ho photomultiplier with point 1 height 

apparent as is the linear behaviour of the 8th dynode Tn figure 2. the ratio oi 
the observed pulse height at the 1 1th dynode to the value of the pulse lieighl 
calculated on the assumption of linear behaviour, is plotted against the observed 
pulse height. It is seen that the behaviour is markedly non-linear for pulse 
heights greater than 2 volts. 

Reduction of the effectin' fdwt'm nltiplie t cnpaciti/ 

The circuit shown in figure 3 causes a reduction of the effective capacity on 
which the charge produced by the photomultiplier is collected, and lienee an in- 
crease in the pulse height. As the potentials of the collector and the lOtli dynode 
follow' that of the Jlth dynode, the capacity between them and the I Ith dynode 
is reduced, The effect of the capacity of the wiring is similarly reduced b,Y 
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using a oo- axial load to connect the photomultiplier to the cathode follower grid 
and connecting the outer conductor to the cathode 




Pulsi 1 hoight t'olt.s) 

-j Curves showing llu* rapneitv lvduHion. 

'Hu* circuit hap boon tented using a fast discriminator and alpha particles 
incident on a etilbcne crystal. Figure l shows the integral Mas curves obtained. 
Curve (a) was for the usual arrangement in which the collector and 10th dynode 
ci ro earthed and an unscreened lead connecting the lltn dynode to tlio gridoi the 
rat hod c follower. The collector and 10 th dynode were t hen connected to the 
rat Mode of the cathode-follower and curve (b) was obtained, The co-axial cable 
wan then introduced and curve (c) was obtained. A. progressive improvement 
m pulse height was noted. 

To obtain the value of the effective collecting capacity, a lOpf, condenser was 
t hen connected between the cathode-follower grid and earth. Curve (d) was 
obtained. A correction for the dependence of the pulse height on the collecting 
lime constant was obtained from a separate experiment in which the value of 
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2(H 

cathode-follower grid leak was vniied. If was found that the c ollecting 
rapacity had heon reduced from 2*2.. r »pf. In S pf. Thus the circuit causes about a 
threefold increase in pulse height, without a corresponding increase in non- 
linearity. 

+300 V 



lOg. a. Head amplifim circuit, 


A circuit of a head amplifier which has been used in a fast coincidence circuit 
(Oollinge, Mcrrison and Eeclcsluill, lt)n(i) is shown in figure 5 The cathode 
follower provides the capacity reduction and the drive for tin* EFP 00 secondaiv- 
emission penl ode. Pulse shupimr is provided by the open-ended cable in 1 he 
cathode circuit (Chance. HMD) The output pulses are fed from the dynorle into 
u IftOohm co-axial table There, is a linear voltage gain of about one and 
output, pulses of 10 volts are obtainable. 
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SPIN ECHOES WITH FOUR AND MORE PULSESf 

T. GHOSH!*, S. K. GHOSH and I). K. ROY 

InsTITIjTK OV Mui'I.KAH I’lTYKICti, I'amutta 
(licenced lor fiublualnm October li\, 1 9, Mi) 

ABSTRACT. The \ootoi moiloJ ilovolopod in an otivlici ] inpur liy Hunoijon dal (1957) 
for explaining Mu* prunury, woundury and sliniul.ikMl oolions has lioiu boon lurtlioi upjiliuil lor 
Mu* explanation ol the ‘virlual’ coho. Tin* modal also explains Ilie imm.il ion — with positions 
.mil relative magnitudes — ol all lln* echoes imsmg fiom tlu* loin pulso syslein, including the 
‘ipiai Lerimry’ eeho. Tn laid, this model shows Mail with any numbet ol pulses, the result - 
mg ei.hoos ean always lie explained by the prim.uy, stimulated and vntual edio mechaiiiHiiiH. 
A lent alive explanation of the ionnalion ol sene.s eehoes with douhle-pulse system, when 
tin 1 HnmpJo is not nllowod to eome In thermal ecpnhhrium is also gnen in Urn pajiei 

1 LNTKOIUUITIDN 

Dxtoiidiug tlio spin-echo analysis ol' Hahn (11)50) and of Das and .Saha (1054) 
to the case of four pulses, Das and Hoy (1J>55) sJ lowed that of llic eighteen eehoes 
that arise in this ease, there is one -the ‘qunrtemary’ eeho as they termed it — 
occurring at I — 2t., -t 2 -)-t 13 which cannot lie. explained by the usual primary and 
stimulated eeho mechanisms, the lour pulses being applied at t -- 0, Tj t„ and 
t ;1 respectively (figure I). Bloom (1055) and Crawford (11)55) suggested that 
this particular eeho in ihe ease of four pulses occurs due to primary echo mecha- 
nism between the 'virtual stimulated echo at t — t,- t,, and the fourth pulse at 
f — Tj The ‘virtual’ echo term which appeal s m the mathematical analysis for 
the three pulse system, was so far ignored on account of its physical non-existence 
The explanation of the ‘ quart ernaiy' eeho brings out an effect ol the vn tual echo 
that can be visualized only after the fourth pulse is applied The vector model 
that has been developed explains this effect of the vhtual eeho, as well as the 
lormation of all the other echoes with the lour pulse system, as is discussed in 
See. II. Ina short note of (*i aw ford (11)55) also, there was a mention about a 
vector model that can explain the ‘quartern ary’ echo. but no detailed report has 
yet been published. See. Ill deals with the extension ol the procedure to a 
system of more than four pulses where contradiction arises between the results 
ol this paper and those of Crawford (11)55) and ol Das and Hoy (11)54) 

.Follow (.junior). 

|' A preliminary nolo on Lho wubjoot hns ulmwly boon pubhuliod in Uio Nuovc 
Cimouto Series 10 Vol. 5, No. :i, (1957). 
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II A P I* L L C A T 1 t) Is O F THE V E C r P O K M O D E L T O V O V 11 
P U L S E SYSTEM 

The fundamental basis ol‘ the vector model has been developed in the Paper 
by Banerjee eta I (1957) — henceforth referred to us Paper T — -where figure 1 ex- 
plained the formation of the different echoes due to reel entering of the moment 
vectors in case of three pulse system. The figure I of the present paper is a eon 


Otu, T,Z,*tu ZiZftuj 



fxvh)f= 2Z,-lZ t *2T, fl'VHI)/-‘27g~e 7,+Z, (*>*) t* 2Zy?T 2 



(**)t*2e 5 -2Z, (*m)t=sx 3 f**//) t =.’r, z, 



(*«•» t* T a +Zf?7, (u„v)f-Zg*Z 2 (***)( *Z 3 +Z 3 -Z, 

Ki^. 1 . \ 1*1*101 (Jiugrnm .showing Ihi* Formation oi iliffoieiit «*r*hoen for fom-jnilHC syMoin. 

tinufttion of the same for a four pulse system. It should here be noted that r. A is 
taken to be greater than 2t., } so that all the possible echoes may appear. The 
detailed explanation of the diagrams giving the positions of the moment vectors 
at different times is given in the following. The notations here have the same 
significance as those m Paper 1 except A. A and C in place of A, A and (' 
eespectivelv of the earlier paper. 
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Figure 1 (xii) This shows the position of the moment vectors at t = r 3) 
i. r. just before the application of the fourth rf- pulse. 

(!) d = d(r.,-r a ) =■ A/„p -exp( ) ] ■ 

d,' d.! = (/,’ =-. d,' --- 1 exp — Vr t 2 1 

I-) ^ = -'(Tn-T.-r,) -- a,."' | iW ( » exp | - p - T X~ T > 

- L I ,j / i 

.1/ = 1/ --= .1,' ^ A,' = | exp | - Tj T -I* “Ji 1 

(3) A - 4(r, t, r r,) 

Here A is considered lo take into 'mount the fad that a," and ft ^ which rcclus- 
tev al t,, t, 1 o form the stimulated echo would have rcclustercd at t,—t 1 had 
they been in the a///' plane at that time, which, however is not physically 
possible before the application of the fluid pulse This is the origin of the 
virtual stimulated echo which, in spite of its physical non-existence, appears in 
the mathematical analysis. At time t— r 3 . A a will assume positions A i'-*— 

Aa' — Ajj', A-j!—A\\ and A\ — -4/, as shown- in theiigure.- 

(4) A =* A(t 3 — 2r a +2r,) = Aj' + A,' J ^ l) exp — “ T » ~, 2T| j , 

a,' — Aj' = a; - a; = A exp [ - . T *_ ^yL 2T ' ] . 

(3) « B(T,~2r 2 +T I ) = V+&,* - [' -exp (-^J] exp [--t’tM]; 

= B,' = B/ = f »p [ - 

(6) C - C(T, - - 2t 2 ) = 0,’+ C s " = ^ exp [ - ] : 

c/ =-- c./ =■ cy = c; =- ^ exp !• 

7) a = 8^73 — 2^). 
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a r 

r-, — 

4 exp|- 


A." + A/ 

exp j 

4 

L 

A/ T A.,' 

r 

4 

exp l 


- A| 4 A| «pi- Ti 7 .:' T, !-l 

i <' wo may oousider that a(--A t ■ A,) lias accumulated a phase m r.,1 Jr, 
llial a‘s occupy the positions as indicated in the figure 1. when*, \ 

<i] r - A*t a 2 - A i, a,! A| aj _ 

, . - a ! t,, 'It. 1 

il i .12 - a, a, -- exp — . 


(S) 

from (7), 


a = a(t s ). 


Ai = Ai = An = Ai = exp j. - T ' J 7 ~ >ri | 

" s [--rr 1 ] 

Hence, ve may consider that a ^ ° x J^ 3 j which was along the //' axis at 1 
has assumed the values ai 3 a^, and a.i a \t r.,. Tt is evident that, 
ai — A], — A2 • an ~ Aie a* — A4 * 

aud ai a 2 =* a:i -= a* = * exp -- J . 


(0) Similarly. 


B = B(T;j— T,), 


and Bi = B 2 = B 3 =- B, = ®-exp j 
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Figure no. Tim? Amplitude of the echo j Natare of the echo 
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Bi = Bg, Be — Bi, Bs — B 1 and B* = ^2 


when 

(1U) « ^ m »\ l 1-exp (- Ta ~ r * J j 

(111 A;(7 2 -2t,) = A 2 (t 2 — 2 t,) = (A 2 or l\;) . exp [ - 

(12 ) 6' 2 (t 2 ) = G"(u) = ((?i or C' t ) exp [ - T »~ T -* ] . 


(i;i) b‘i = *4(73-7,) = (b’ t ov *i>. exp T \j r ^*- 

Thus all the tonus are obtained agreeing with results from mathematical analysis 
except one corresponding to the echo at t — T^-t-Tp This is because we have as- 
sumed all the pulses to be of 90°, which is done to avoid complications in the vert 01 



I ig - I Diagrams tic representation of the position of the different echoes with four -pulse'' 
showing the mechanisms of their formation. 


diagrams. The ‘quar ternary* echo term has come out as due to primary echo 
mechanism between the ‘virtual’ stimulated echo P(123)' and the fourth pulse. 
For a gausbian distribution of the field inhomogeneity, each echo pulse v ill decay 


according to exp. 



whore t' is the time of occurrence of the echo. 


The position of the echoes with four pulse system is diagramatically shown in 


figure 2. The photograph of the aeutal pattern is shown in figure 3. 
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b i(J! .1. Pliotogmph of the cietun) pattern of the 01 hooa obnei vi*d >vibh ioui pulses. 

(Sample — H 1 in ^lyenrme, r, - 0.7 msec, t 2 = 4t,, t-, — IHtj.) 

III. liXTBXSJON O F T J1 E X' E V 'l 1 O K M O D 1C L T U T H 1C 
C A S 1C 0 K M o K 1C T H A N F OUR V IJ L ti E S 

See. U shown the occurrence of eighteen echoes besides the lour free induction 
decays, lor the four-pulse system. 01' these, the live echoes occurring at t — 
t 2 + t i< fg-l'Tj, and r 3 -|-r a 2r x are formed by the stimulated 

<“cho mechanism. Corresponding to each ol these real echoes, there will be asso- 
ciated one virtual’ stimulated echo. Thus, in all, there will be five “virtual" 
echoes, (/ — r.^— r l7 r ;J — r lt r 3 — r a “|-r 1 ancl r^-r i -{-2T l ), each of which will 

give rise to one primary echo with the fifth pulse, just as the £ qu artei nary" echo, 
previously discussed, arises out ol the primary echo mechanism between the virtual 
echo at t — - T 2 --T 1 (occurriiig before the third pulse) and the fourth pulse. This 
particular ‘virtual" echo at t — r a — r x will further give rise to a stimulated echo at 
1 ■= t 4 -| -r 3 '-r 2 -f Tj with the fourth and fifth pulses due to the flij) over of the 
moment vector from the ^-direction to the x'y r plane as can be visualized from 
ligure 1. According to this vector model there will occur fifty-eight echoes 
"db the five pulse system of which forty will appear after the fifth pulse, if the 
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condition r n > (w — 1,2, 3 and 4) is satisfied. This conclusion has been 

verified experimentally as can bo seen from figure 4. That the ‘virtual’ echo 
occurring before the third pulse (4 — r a — tJ can give* rise to echoes by primary 
mechanism with the fifth pulse and stimulated mechanism with the fourth and 
fifth pulses was not taken into account in Crawford’s analysis. 



Kig 1. Photograph nl the tilth i.t, pulse and the lorty oelioes oceiurmg after il 
(.Sample — Hi ill glycoi mu, r, =07 mane . r» = 4rj, t., — l, , {r 1 . — 40r t ) 


The above analysis shows that the virtual echo corresponding to each stimu- 
lated echo behave just like the real echoes in forming echoes with subsequent 
pulses by primary and stimulated echo mechanisms. Only it can have no effect, 
on the pulses resonsible for its occurranee. Extending the above procedure, mc 
can find the general formula giving the total number of echoes with n pulses, 
as follows: 

Total no. of echoes with n pulses, (y, ) 

—Total no. of echoes already existing with n~ l pulses and occurring before 
the n th pulse. {y n „ j) 

H-no. of primary echoes formed by each of the n — 1 pulses with the vP l 
pulse. (”— 1 (7 1 ) 

-{-wo- of stimulated echoes formed between the «- th pulse and any two of the 
n — 1 pulses . ( H - 1 ( 7 a ) 

+no. of echoes formed by primary echo mechanism between the y n -\ echoes 
and the n th pulse. {y n -i) 

-f- no. of echoes formed by primary echo mechanism between the total 
no. of virtual echoes y n for n— 1 pulses {i.t. occurring before the {n— l)^' 

, pulse) and the ti th pulHe. 
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f-l-no. of echoes formed by stimulated mechanism between the y n .,» echoes 
l ( i.e . total no. of echoes with n—2 pulses and occurring before the (w— 1)^ 
pulse), the (n—l)** and the n lh pulses. (?/„._.,) 

-1-no. of echoes iormed by stimulated mechanism between the echoes, 
the (n~2)' h and the n th pulses. (y,^ 3 ) 

+ ...SO on ... - no. of echoes formed by stimulated mechanism between 

y l echoes, the 2 na and the n th pulses, (yj). 

| + no oi stimulated echoes formed by the total no. of virtual echoes 
\ Vn -2 for n— 2 pulses (occurring before the (a— 2)' /l pulse) with the (n — l) th 
and the n th pulses. (vy fi _ 3 ') 

+110 of stimulated echoes between the y n ^' viituai echoes, the (a— 2) th 
and the n th pulses. (?/„_/) 

-(“...so on... j-no of stimulated echoes between the ///virtual ochoes, the 
2 nd and the n th pulses, (i //) 

Or, 

+ {yr,-'j' J ry n -.i' J r - * . + Ux) 

Since, with each stimulated echo there will be associated one ‘virtual' echo, the 
total no. of "virtual’ ochoes with a pulses will be 

y,' — u_l ^ 2 d"{^-a+'/n-j+”-+2/j} l“{y rt -2 , H-2/n-3 / H-.--H-.Vi / } 

d- total no. of ‘virtual’ echoes already occurring wiLh n— 1 
pulses (y n ~\) 


= n ~ 1 C7 a -}-{y„_ s -|-2/, 1 _ 5J . . .+?/!>-!- {Vn- 2 -V y,,-i /+ ■ • • +2//}+?A.-i' ■ 

On simplification, wc get the following general formulae 

y n = 3 (3 n — 2re — 1) .. (V) 

y n ' — 3(3 n-1 — 2»+l) .. (2) 

It. is to bo noted here that 


Vn—Vn- 1 = i(3 n_1 — 1) = y>u\—y* ( 3 ) 

i.e. the no. of echoes with n r.f. pulses appearing after the n th pulse is always 
equal to the no. of ‘virtual’ echoes with n-f 1 r.f. pulses appealing between the 
hP 1 and (?i+l)^ pulses. Here it should always be remembered that the time 
intervals between, the pulses arc such that no two echoes (either virtual or 
real) ever superpose on one another. The figure 3 may be referred to as an 
illustration of eq. (3) for v = 4. . - - ■ ,w -‘ ‘ 
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Experimentally equation 1 has been verified for n = 2, 3, 4 and 5 whence 
We get y n = 1, 5, 18 and 58 respectively. This is in disagreement with the re* 
euraion formulae given by Das and Roy (1951) where the omission of the ‘virtual 
echo mechanism from the beginning has resulted in an erroneous conclusion. 

Tt is also worth noting that if the r.f. pulse separations he so adjusted that 

T h-1 = (Vn~yn-l)Ti, 

where r„_ l3 r x are the time of occurrence of the n ,h and the 2 W pulses respectively, 
then the echoes will appear m groups ot equi-spaced signals (the i pacing in the 
time scale being r 1 ) aftei each of the n pulsos. It is evident that the groups will 
contain {y n — y,,^) eclio-pulsos after each of (lien r /. pulses, (n 1, 2, a...). 
As an illustration, a photograph is reproduced for the case n -- 5. Hcic the time 
intervals are adjusted such that r 2 4 t 15 r ; , — 13r t and r, 40^. 'JThc forty 
echoes [y 5 — ,y 4 ) appearing after the 5th pulsj arc equally spaced at intervals ol 
t v (tj 0.7 msec) 


fir*** ' . r* r\ r* 

• <■ » 


c 


o 


Fig, 5. Photograph of the serins ocliocs with iloublopulso system. 

(Sample- -/f 1 in glyeoniu‘; repetition 1im<’ 25 m^eo.) 

Figure 5 shows the oeeurreuce of a series of echoes with double pulse system 
when the sample is not allowed to attain thermal equilibrium in between the pail 
pulses This also can ho explained on the basis of the analysis developed here, 
supposing the sample to he subjected to a large number of pulses instead of just 
a two-pulse system. The number aud the relative amplitudes of both the series on 
the two sides of each pair-pulse depend on the repetition time of the pattern 
and the relaxation time of the sample used. 
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(Received for publication November 11, 1U5G ) 

i 

ABSTRACT. A thoorntiral analysis on the slot radmtois m n wuvo^uidn lias boon ear- 
ned out,, taking into account the finite conductivity of the waveguide walls, It hash nun found 
that with a slight docrouHO in conductivity liorn the jioi'lccl coiulnctivily eomlitiun, the ihjuj- 
valoiit shunt conductance of tho slot increases by a small amount . But with further rod uc lion 
m conductivity, il hills off rapidly, almost in direct, proportion v ilh tho reduced co reluctivity. 

The use of slot antennas for radiating miennvave powers is quite common and 
a detailed treatment on the subject has already been made by Stevenson (1948) 
and others (Silver, 1949). But all the calculations were made with the supposi- 
tion that the wave guide is made of a perfect conductor. 

Although, in general, tho conductivity of copper w uve guide is quite high, 
under certain circumstances (specially below 1 cm) the effective conductivity 
may be appreciably low with a consequent increase in loss. Chemical impurity 
and surface roughness lead to low conductivity and the conductivity of a worked 
surface layer may also be low (Thorp, 1954). In any case, it is worth studying tho 
properties of slots cut in waveguide of low conductivity. 

As rectangular waveguides in tho i/ 0] (or TE QX ) mode are generally used for 
propagating microwave powers, wc shall consider the slot antennas cut on such 
waveguide walls only. Any slot in a waveguide wall which obstructs the path 
of current will radiate some amount of electromagnetic energy in the open space 
outside tho waveguide. The slot may be considered as a shunt or a series element 
or a combination of both (as the case may be), which consumes a certain amount 
of power from the wave propagating through thejguide. A slot antenna may 
be cut either on the broad face or on the narrow face of a rectangular guide and 
may have different orientations as given in standard books on the subject (Fry 
& Goward, 1950). Depending on its orientation, a slot may bo represented as a 
series or a Bhunt clement in the guide. 

In this note, we shall discuss in detail only the case of a narrow slot, cut 
parallel to the axis and on the broad face of a guide (shunt element). The other 
cases may be deduced by following a similar line of analysis. 
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' In doiiig the calculation we shall make use of the- well-known Babifiet’s 
principle which gives useful relations between t ho radiation fields of a slot and that 
of a dipole. The field within the guide in the region behind the face containing 
the slot is assumed negligible with respect to the field outside the guide. This 
is equivalent to extending the face containing the slot itiLo an infinite conducting 
plane. The length of the slot is taken to be equal to half tho free space, wave- 
length of the radiated wave (i.e. a half-wave resonant slot) and that the slot is 

a narrow one fi.e. 2 log JU / hmgfji \ ] j it is also assumed that the field 

\ vi idl h/ 

in the slot is transverse to its long dimension and varies sinusoidally along tho 
slot. 

Now, consider tho 1 mgitudiiial half-wave slot to bo at a distance x x from 
the centre lme of the broad face as shown in figure 1 



Kig. 1. A longituclinnl li.ilMva vo slot on the bioiul I moo of a reel lingular wave gmdo. 

Following tlic lino of analysis of Stevenson and taking into account the losses 
m the wavoguido wall, we get, 

= 2 B n B n - f •)*„ (K m )r>- A 

J slot 


where A i)X ami 7J 01 are the amplitudes of the waves going to the right and left 
of the slot respectively (the guide is being fed from the left) and S ai is twine 
the Poyutiug energy flux for a freely propagated mode. 


r 0 "'7 ) a 


T 0 being the normalised conductance of the guide and a and b are the length 
and the breadth of the cross-section 


; K 


2jt 

K, 


where A is the free space wave length and A (/ is the guide wave length. 

E lT and (ir 01 ) T are the transverse components of voltage and current given by 

E Xt ~ E a cos 


(^ 01 )r= -T 0 ^ o ein 
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4s the width w of a narrow slot is very small, we may consider the field intensity 
to be constant across the width. 

Hence 


+X/4 


24 oi ^oi — 2B 01 $ 01 — jwh 0 Y y 

77 

„ SU1 

ha 

(?) 

f cos 


-A/4 

... — K = wE a ( E \ 

77 . / 

. Sill 

a ' 

i 7TX X \ 

, (2a+Jft o 

01 01 ab \ // n 1 

\ a 1 

K' 2 


,)A/4 


'+"(2« : r^ 01 ) i " 


Now, voltage across the slot F„ — wE 0 ) and voltage across the guide Vr^— bA m 
— bJ3 ni \ 


I v i\ n ( K \ . 

! V 0 ! a*\fi- I Sm "a ; /v 2 | (2a+jA 01 F ‘ 


... (1) 


Now, under ordinary circumstances, a is small (2a << 1), and we may write 
e s “ = l-|-2a and e~- a — l-2a 


2 i I 

% ( /f ) si " (it )' ' cos ( ^4 *) +j2 “ ain ) ; - < 2 > 

Aoi)“i\A a Aoi 

If the conductivity of the guide wall is not very poor, Ihc power radiated will not 
differ much from the perfect conductivity case (for the same field strength at the 
slot). By the use of Babin et's principle, the power radiated by the slot (for 

prefect conductivity) — 73 V 0 2 -° and we may use this expression for our case also, 
/'o 

Using the energy balance equation and with the help of Eq. (2) we finally get the 
magnitude g of the equivalent normalised shunt conductance of the slot as 



— 2 


480 a , 
737 rb 


(=)-(£)[>+-“■(£)] 


g = 


l+ |r | 




.. (3) 


[Whore r is the reflection coefficient of the slot] 
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For perfect conductivity, the. attenuation constant a is zero and the shunt conduc- 
tance becomes 


4S0rr, 

' h Ttrrb ' 


P sin 2 | 

(”• ] 

I cos 2 ( — 1 

A 

\ a ) 

1 \ 2/'„ 1 


and this is identical with the expression derived previously by Stevenson. 

For guides of very poor conductivity or of high attenuation constant, the value 

of |L l is not given by Eq. (2). 

Ml 

Rather, 



7T / K \ siu / 7 r.r, \ I ! 

al ' Aoi ' 'at i A' J +(2a+^Aoj)“ j 


and lienee the value of g is also modified. In this case the value of g falls rapidly 
with increase in a ('i. c decrease n trl and is approximately given by 


The attenuation constant a lor an air-lilled rectangular guide of permeability 
//, and conductivity <r, and carrying the ft 01 wave, is given by (Sarbacher and 
Edson, 1950). 

^ . a -vi / . ,/2 \ 

^"j/'oV ‘ i vV///o) 2 -i 1 


where v x is the free space velocity -- /A; /i 0 is the peunoability of free space and 
/„ is the cut-off frequency for the H 0l mode in the guide. From the above rela- 

tion we see that a is proportional to — — 

V tr 



fig. 2 Variation of shunt conductance •) of a longitudinal slot with the conductivity o of 
tho guide wall. 
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Figure 2 shows the variation of g with the conductivity c r of the waveguide 
wall. The particular case considered is that for a 3 cm. wave propagating in a 
guide of dimensions 2.5 cm. X 1.25 cm. The slot position taken is half way between 
the centre lino and the edge of the broad face of the guide (i.e. a-, — a/4) It is 
observed that the cjuivalent shunt conduct aiu e of a slot increases to some extent 
with a slight reduction in conductivity from the perfect conductivity case. This 
corresponds to an increased amount of power consumed by the slot. As ft result, 
for this case, the amount of powei radiated in free space is not reduced to any 
appreciable extent. But with further decrease in conductivity, losses in the guide 
walls become appreciably large and the presence of a small slot has. not much 
effect on the waves propagating inside the guide. The equivalent sliujnt conduc- 
tance Juils off lapidlv and little power is radiated in outside space. 
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DIPOLE MOMENTS OF SOME ESTERS 

K. V. GOPALA KRISHNA 
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(Received j or publication December 14, J»5<j) 

The dipole momenta of ethyl oaprylate and butyl .stearate are determined in 
solution in benzene at 24°C, for which data are not available. The dielectric 
constants at several eoncentrations are determined at a frequency of] Mc/s by 
resonance method of the type adopted by LeVevre < J t til (11)50) in their measure- 
ments. The dipole moment values are computed by the method indicated by Paht 
(1052). The dipole moments in the above cases are also calculated by consider- 
ing llie C — 0 C plane 30° out of the Cis plane, as done by Smyth (1055) in the 
case of other esters. The experimentally observed together with the calculated 
values are given in Table 1. 


TABLE 1 


Compound 

| Obser\rd j Calculated 

Kthyl (HpiylatH 

1 so 

1.8 

Hnl y 1 stearate 

1 .88 

1 8 


It is found that the calculated values are in satisfactory agreement with 
those observed. 


A C K N O VV L 15 1) (i M 15 N T 

Thu author is highly indebted to Prof. K. R. Kao for his kind and invaluable 
guidance throughout the progress of the work. 

K 15 F K K T5 Nt’KS 

be Fevre, H. -I, W., Kokh, [ (!. ami Niuytho, 11. M„ 1950, Join Chew Sac. 27(1. 

I’aht, S. K , I ».1S, J. A mcr. Cher. Roe., 74, 3932. 

Smyth, C. P., 1055, “Dielectric liehaiiour and structure”, p. 3(17. 


28!) 




29 


MEASUREMENT OF THERMAL NEUTRON ABSORPTION 
CROSS SECTION USING SPHERICAL 
SYMMETRY METHOD 

A. M. GHOSH anu N. 1C. GANGULY 
I3usis Institute, Calcutta 
(Received for publication, December 4, l'J56) 

ABSTRACT. An oxporinumtal ai rangomenl is doHoribod aiul iiUlinud Lo liiurtsuro 
thermal neutron. absorption cross-soul ion o( (.1 using spherical symmetry method, dovolopod 
by the present authors. Tioin ihu measured value it is shown that tins method can 
ellectively separate the scattering effects and measuio the ahsoiption cross -section diroctly. 
1) liferent sources of errors are discussed and their effects are ostimatcd. 

1 . INTKOD V V TION 

Critical evaluation of absorption cross-section of thermal neutrons for dif- 
fciont materials is of groat significance lor resoareli on the dcvelopent of piles and 
lor the production of radio-nuclides. This importance has encouraged a largo 
i mm her ol experimenters to develop a number of methods for this purpose and to 
employ them for the measurement of this important parameter. The absorption 
cross-section of neutrons, <r H , is the sum of all the cross-sections for nuclear reac- 
tions in which the neutron is not re-emitted. The reactions possible in general 
tor thermal neutrons are, (a, y), (n, p), (n, d) (h, a), (»./); more complex reactions 
arc very improbable for thermal neutrons. Tho principal methods which have 
been employed for the measurement of (r fl , are the following. 

(a) Pile Reactivity Danger coefficient method (Anderson ct al, 1947) and 
Pile oscillator method (Langsdrof, l UTS) . The results obtainable from danger 
coefficient method are affected by various extraneous offects, mainly due to the 
short time barometric fluctuations. To obviate this the pile oscillator method was 
developed. This is a very sensitive method and at present the values obtained 
irom experiments employing this method at Argonnc, Oak Bulge, and Harwell 
are the chief sources ol data. This method has also various limitations, the im- 
portant one being the effect on reactivity by tho variations of scattering by the 
samples depending on their positions. Moreover, these methods are not absolute, 
bomg dependent on calibration by a standard absorber, which is usually B, Mn, 
or An. 

{(>) Activation Method This is also a relative method, requiring a standard 
absorber to calibrate the neutron beam used for activation. There are many 
uncertainties in the method. Counting rate should be corrected for gamma rays 
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and may be affected due to conversion electrons or decay by orbital electron cap. 
ture. Nevertheless, for absorbers having cr a << <r e , this method sometimes 
gives most reliable data by enabling the eliminating of contamination effects 
from the study of the resulting activities. 

(c) Method- based on the local reduction of neutron density in a solution 
or mixture due to the presence of the absorber. This is also a relative method 
(Lapointe and Kasetti, 1940; Coltman and Goldhaber, 1940). 

(d) Method based on the free decay of neutron flux in a moderator solution 
containing the absorber. This is also a relative method (Scott et al, 1954; Dardel 
and Sjostrand, 1954) 

(e) Beam attenuation technique, using velocity selectors' or neutroji spectro- 
meters. This method yields ( r t , the total neutron cross-section. It is possible 
to separate cr t , in some cases, into a constant term due to potential scattering, 
and a term varying as 1/v, due to absorption. Even for eases cr it < < \r s there 
are uncertainties in the measured values owing to the molecular or crystal 
scattering effects contributing to 1/u term. Moreover, this is also a relative 
method. 

if) Mass-spectrometric method. This is a relative method and has only 
restricted use (Lapp et al, 1947). 

It should be noted that most of the methods described above are relative 
methods and so the accuracy of the measured absorption cross-section depends 
entirely on the accuracy with which the thermal neutron absorption cross-sect ion 
of a standard 1/v absorber such as B, Mu, or An is known Erom the study of 
the relevant literatures published during the last fifteen years, it is observed 
that such an important nucleonic constant as the absorption cross-section of 
boron has changed from time to time depending oil the measuring technique (vide 
Ghosh and Ganguly, 1955). 

Although the latest determination of the capture cross-section of boron has 
removed greatly the difficulty of fixing the capture cross -section of standard ab- 
sorber, it is obviously desirable to develop an absolute method for determining 
the thermal neutron absorption cross-section which is even applicable to absorbers 
having not too large capture cross -scctiou in comparison with scattering cross- 
section. With this purpose in view the present authors have developed an abso- 
lute method (Ghosh and Ganguly, 1956), which successfully separates the scatter- 
ing part and measures the absorption part of thermal neutron interaction cross- 
section. To demonstrate the validity and applicability of the theory the presold 
experiment has been conducted. The material chosen for the purpose is chlorine, 
which has good absorption cross-section with substantial scattering cross-section. 
The value for the absorption cross -section obtained from the present experiment 
shows that the absorption cross-section can be measured directly by the present 
method by eliminating the scattering part. 
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ir. METHOD 

When the measurement of transmission is done under “good geometry” 
condition both scattered and absorbed neutrons fail to reach the detector and as 
a result, the total absorption cross-section is measured from the transmission. 
But if the geometry is made “poorer”, i.e., if the solid angle submitted by the 
absorber to the source and to the detector becomes larger, increasing number of 
scattered neutrons enter the detector system and the resulting cross-section 
approaches <r tt , the absorption cross-section. The transmission may be expressed 
in the form. 

7/f 0 -cxp {-KNpSIM) ... (1) 

where I Q and I are the neutron intensities recorded in the detector before and after 
the introduction of the absorber respectively, N is the Avogardo’s number w r hile 
/>, M and 8 are the density, molecular weight and thickness of the absorber along 
the neutron path respectively The constant K is dependent on geometry and 
at ‘ poor” geometry its value lies between cr ( ancl <r B . As the geometry is made 
“poorer” K approaches cr a and in the extreme case, when the absorber is a spheri- 
cal shell of small thickness surrounding the source and there is no limiting dia- 
phiagm between the source and t he detector, K equals rr f/ , provided certain condi- 
tion are satisfied. These conditions are as follows : 

(1) The neutron dux distribution is radial so that in equation (1) is the 
radial thickness of the absorber. 

(2) The thickness of the absorber is so small that the effect of the obliquity 
of the path of scattered neutrons compared to that of the imscatterod neutrons 
is negligible. 

(3) There is no absorber or scatterer between the source and absorber, 
whose cross — section is under investigation. 

(4) We have also tacitly assumed that the absorber does not generate fresli 
thermal neutrons through slowing down by scattering of epithermal neutrons. 

It is evident that the distribution of neutrons emerging out of the moderator 
is not radial as assumed in condition (1) above. The distribution of neutrons 
at moderator surface is given by Fermi (Fermi, 1936, Bctho ; 1937) and by 
Plaekzok and Seidel (1947). Taking the distribution given by Plackzek and Seidel 
the transmission as shown by the present authors (loc. cit.) is modified to 

i j. 

j /*0(/<) exp [(— | 


( 2 ) 
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where //, is the cosine of the angle of neutron with the normal to the moderator 
surface. <j>(p)dp is the neutron density between directions defined by /i and //+<£/*; 

4/4 = = [>*«H<(«+2a)]‘-a// 

A 

where a — Rf A and t — T/A, 

A — absorption mean free path = 3fjNpo- a , 

R — radius of the moderator sphere = 8.328 cmB. 

T — thickness of the absorber shell — 1.899 cm s. 

Again s(/i) = l[{/tV+(L+2r)}—r//] = t . a(r, p), 

and <x(r, /t) — |>V 2 -f l+2r]* — rp ; 

where r = a/t, is the ratio of iimer radius of the absorber shell to thickness of the 
absorber used. \ 

Equation (2) represents (// as a function of / and r . r depends upon thq geometry 
of the apparatus. In our previous communication (loc. oit ) universal curves 
between \fr and r for various t have been given. For any set of experiment, measured 
value of ?// and r give directly I, from nhich <r n is measured using the 
relation, 

M ^ Mt 
°' a ' NpA NpT 



THE ABSORPTION MEAN FREE PATH 

Fig. 1. 
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For the present experiment, values of tjr for various i are given in Table I and 
figure 1, the value of r being 4.385. 


TABLE I 


J 000 
0.000 
0.H00 
0 . 700 
0 . 000 
0.500 
0.400 
0 300 
0.200 
0 J00 
0 000 


0.2711 
0.3077 
0.3404 
0 , 307 J 
0.4518 
0 5J44 
0.5804 
0 0680 
0.7631) 

0 8735 

1 0000 


When a neutron source, such as Ra-Be source, nRod in this experiment, 
is placed in a moderator and the moderator is of sufficient quantity to bring the 
neutrons to thermal equilibrium, the neutron distributions Maxwellian In this 
case the number of neutrons per unit volume in the velocity range dv, at velocity 
v is given by 


dn = (4nfv^y/n) . v- . dv 


where n is the number of neutrons per unit volume, v p the most probable velocity, is 
given by, 


v p ^ (22fT/w)-. 


This temperature 7\ corresponding to v v of the distribution is known as the 
“temperature' 5 of neutrons. It is customary to give the thermal neutron cross- 
soctions corresponding to the neutron temperature of 20°0, the corresponding 
v p and neutron energy being 2200 m /sec., 0.0252 ev respectively. 

Measurement of neutron flux in transmission experiments using 1 fv detector 
results in the measurement of neutron density. Since for 1 fv detector i Jr the 
transmission is given by 


t = IJl « = - 


v * r f 

1 { U xV) — • d' V J n i 

i v v-o 

i >=0 

j M - 7 " ■ dv f v < 


.dv 


where I x is the measured intensity with absorber and I 0 is the measured initial 
intensity, Vj is the upper limit of the neutron velocity acceptable by Cd-difference 
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technique, and n x is the neutron density after traversing a thickness x of the absor- 
ber. Thus the transmission is independent of neutron distribution, as regards 
the detector is concerned. But this transmission yields average cross-section 
as the absorber absorbs according to the l/v law. The average cross-section is 
given by 


■„ = J <*aiv) . n{v) . v . dv 
rf J w(v) . v . dv. 

where «(?’) is the neutron density per unit velocity interval and <r a (v) is the ab- 
sorption cross-section for the velocity v. For l/v absorber cr a {v) is Kjv^ There- 
fore, 


—(2/\ / n) . Ktv r = ] .12Sir„(Wj,) U (3) 

where <r (t (v) is the cross -section corresponding to most probable velocity. As 
our experiment yields a this formula will be used to get o- ft (v v ) corresponding to 
a temperature T(v„). 

Wc have liit-herto assumed that the velocity of the neutrons attains a Max- 
wellian distribution, characteristic; of the temperature T of the moderator. This 
is, however, strictly true only in the case of a moderator of infinite dimensions which 
scatters the neutrons but does not absorb them. As we have tAken a moderator 
spliore of finite dimensions the actual neutron temperature will be different from 
the moderator temperature (Bacher et a l 1946, Havens H nl 1948, Manley et al 
1946). As shown in our previous paper (lot*, eit.) the correction necessary for 
this difference is given by 


<r n {T) = ffArwimyi* 

<r n (T) =0- a (7 ,/ )(l. 154i .014) 

whore trJT 7 ') is the measured absorption cross-section and <r a {T) is the corrected 
absorption for neutron temperature of 20 n 0. 

111. EXPERIMENTAL ARKA-NGEMENT 

The apparatus consists of an outer copper sphere of diameter about 20 cnia. 
(figure 2). This hollow sphere was constructed by joining two hemispheres pressed 
out from thin, pure copper sheets. Great care was taken to obtain a regular shape. 
Within this sphere was centrally placed a round bottom flask of outer diameter 
of about 16 cms. This inner glass sphere was held fast centrally by three brass 
pins soldered on the inner surface of the outer sphere. The glass flask was filled 
with pure paraffin and at the centre was placed a 60 me Ra-Be Bouree. The 
Ra-Be source was placed in an aluminium container fixed to a thin, straight alu- 
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minium rod which was fixed to a stopper. By taking off a thin brass cap fixed 
on the top of the copper sphere round Hie neck of the glass (fask the absorber could 
be inserted uniformly in the annular space. This sphere was placed on a vertical 
ball bearing shaft which could spin freely on the socket of the base plate. A pnlloy 
was attached to the shaft which could be rotated by a belling driven by a motor 
and gear arrangement. The entire arrangement was such lhat at the time of tak- 
ing readings the sphere could be rotated about its vertical axis to circumvent 
any irregularity in the shape of the sphere. 



Fig. 2. S amt M uvo the soumi ami the moderator reipcclmJv; A is the unntilar sptn,o 
for t lie absorber which is introduced by i amoving the cap H. P is the fixing pm which deter- 
mines the axis ol rotation of the apparatus I to 9 arc the sockets uvailnhle foe l ho pini J . 

Tint method of activation detection was employed for measuring the neutron 
flux. Indium was selected for an activation detector as it has good activation 
cross-section in the thermal region and can be obtained in the pure form 
easily. The activity of the indium foil was measured by using a scintillation 
beta detector. The phosphor assembly consisted ol a thin anthracene crystal 
ol circular cross -section covered on one side by a thin aluminium foil ol thickness 
1 Jngiii/cm 2 . On the other side a light pipe made from perspex and ground to 
Ht the photoeathode of RCA 5819 tube, was tixed. Magnesium oxide film was 
deposited around the phosphor to ensure maximum light collection. 1 he window 
is firmly fixed to a round aluminium shelf so that counts could he taken with 
strictly reproducible geometry. The photomultiplier dynode voltage divider was 
led from an electronically regulated supply. A constant check on the voltage 
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was kept by means of a bridge circuit whoso indicator was a galvanometer and 
the reference voltage was provided by a RCA 5651 tube. The recorder assem- 
bly consisted of a push-pull amplifier and a scalar. The amplifier was constructed 
with an idea of eliminating isophase noise troubles originating either as high- 
voltage noise or as pick-up noise. At the tail end of the amplifier was incorpo- 
rated a modified Schmitt trigger discriminator circuit. 

I V. M E A S IT U E M 10 N T O K THE A U S () H P T 1 O N C K () S S- 
SEC'TJ ON 

Au indium foil of radius 3.16 ems w as used as the detector. The thickness of 
the foil was 100 mgm per square centimetre. This thickness of the foil was taken 
to lie the optimum lie cause at this thickness the counting is nearly the maximum, 
whereas for larger thickness hardening and obliquity corrections become neces- 
sary. The activation of indium by thermal neutrons is mainly due to the reac- 
tion l n 116 (m./ 0 Sn m having a half life of nearly 54 mins. Besides this two otliei 
activities having half lives 13 secs and 4.5 hrs are produced. The 13 secs half 
life activity is produced by thermal neutrons and 4.5 his activity is due to fast 
neutrons. Before taking each count, 3 mins were allowed to completely decay 
out the 13 sees activity. To avoid the 4.5 hrs activity due to any fast neutrons 
that may be present in the neutron flux the given exposure time of the foil was 
54 mins. This oxposure time allows the 54 mins activity to reav.ii half the satura- 
ration value, whereus the 4.5 hrs activity only attains 13% of the satuiation value. 
For the amount of the moderator used in this experiment the 4.5 hrs activity 
at the end of a 54 mins exposure will be about 2.6% (Tittle, 1951). Moreover, 
in the present experiment, the activity of the foil was measured using a scintilla- 
tion beta counter having low efficiency foi gamma counting. Thus the 
effect of the 4 5 hrs gamma activity was negligible. Under this condition 
the effective activity can be taken to bo due to 54 mins beta activity 
and saturation counting rate for any set of measurement is given by 

A mt = (n/T). (e-'Ar-e-Ur)-! . (l_ f -f/T)-l 

where t is the time of exposure of indium foil and n is the number of counts recorded 
between time t x and t 2 , measured from the end of the exposure, r is the mean 
life of the activity (r — TJ 0.693) and is equal to about 77.9 mins. While mea- 
suring transmission each count rate was reduced to saturation count rate. 

Thermal neutron counts were obtained by Cd-difference technique. The 
thickness of the cadmium foil was 0.02 inch. A cadmium shield not only cuts 
oil thermal neutrons, but also some of the resonance neutrons, the Cd cut-off 
energy being about 0.4 ev. Due to this fact the effect of resonance neutrons is to 
be eliminated by subtracting the in-cadmium reading multiplied by a factor 1% 
given in figure 3 (Tittle, 1951). ln our case F c ^ comes out to be 1.07. The a1> 



Measurement of Thermal Neutron Absorption etc. 293 


sorbing material was pare NaCl ground to fine powder and introduced in the 
annular space uniformly. - 



Fig. 3. 

Spherical symmetry is the most important condition of this experiment. 
To verify this, neutron intensity with and without absorber was measured at 
distances from the source. The resulting values are given in Table II and figure 4. 
Linear relation between o/n and I, where £2 is the solid angle subtended at the 
centre of the source by the foil, shows that the condition of spherical symmetry 
has been attained in the present set up. 



\ ^ ( SOLID ANGLE SUBTENDED BV 

"zpff FOIL AT SOURCE CENTRE ) 


Fig. *1. 

h m ih e distance from the centre of the source to the detector, /„(air), and /(NaCl) 
are the intensities without and with absorber respectively. 

2 
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TABLE II 


J) (cm) 

Q/7T 

lo (air) 

I (NaCI) 

] 3.5 

0.0526 

891 .08±6.09 


i ri.r» 

0.0402 

701.80±4.75 

487.4 ±3.2 

22 ,r, 

0.0194 

313.65±3.52 

222.46±2.4 

29. r, 

0.0114 

187 02±3.00 

102 11 ± 1 . 7 

36.5 

0.0074 

132.45±2.02 

— * 


\ r . KJiSULTS AND ULSCUSSIONS 

Transmission i// comes out to be equal to 0.4866 ±.01 4 and the corresponding 
i obtained by interpolation (using Bessel’s formula) is 0.544 ±0.01 3. \ Volume 
of the absorber 2061 cc and mass of the absorber — 1976 guis \ 

M — 58.454, N — 6.0228 X 10 i3 , density of the absorber — 0.9581 gnialcc.. 

cr a {T) = MljNpT = 29.02±.075 bams. ' 

Therefore, <t„(T) ex') = <r„(2 ? ')(1.154±0.0l45) = 33.49±1.2 barns. 


'Ibis <r a (T) is m effect an average cross-section since any finite amount of 
absorber changes the distribution of the neutrons in course of absorption. 1’liis 
necessitates a hardening correction. Hardening correction curves tor \jv absorber 
have been given by Bethe, (1937) and Hughes, (1953). fYbm the hardening 
correction curve it is observed that for a transmission of 0.5, <r{T) (exp)/cr„(w i> ) 
= 1. Therefore for the transmission used in this experiment cr fl (7’)(exp) gives 
directly the absorption cross-section at v ]n (T fl (v p ). So our measured values for 
<T u (v p ) = 33.49± 1 .2 barns. It should lie noted that this hardening correction 
covers the correction given in Eq (3). 


This absorption cross -section is the sum of those of Na and Cl. Absorption 
cross-section of sodium is 0.49±0.02 (Hughes, 1952 , Grimeland, 1955). Subtract- 
ing this value from our measured value the absorption cross-section of chlorine 
comes out to be 33.00±1.22 barns. It lias been shown by Hibdon and Muelhause 
(1950), Hibdon vl al (1950) that the absorption and scattering cross-section of 
chlorine are given by, 


<t 8 {E) = 1.43+ 


580 28100 

F+75 + (#+75) a 


- (Ln _ 3L5 

a ' b ' (40Jf) 1/a 

From this we get, for thermal neutrons, 
a a = 31,5 barns 
-- - - - - , . - cr a = 14.2 barns 

Compilation by Hughe* gives .try equal to 3 1.6 ±1.0 barnsi * 
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While comparing these (lata various other sources of error should bo taken 
into account. The fractional error in estimating cr rt due to multiple scattering and 
scattering in the moderator can be shown (Ghosh and Ganguly, 1056) to be approxi- 
mately given by 

V « 3/4(1 — ?Ao )<r*K 

where y ^ 0 — V'o an d } // being true and measured of transmission respectively 

In the preseut experiment the value of p is about 15%. Also the fractional error 
duo to alteration in the efficiency of the detector for scattered neutrons is approxi- 
mately given by 


p rsn ■ 


1 <r 8 

2 <r n 


'-/(• 


where 6 m is the maximum possible inclination for a scattered neut ron with the axis 
of the detector. In the present experiment this correction is of the order of 
—2%. On the other hand, thermalisation of epithermal neutrons introduces an 
error which is difficult to estimate. From our data we find that apparently epi- 
thermal neutron cross-section for NaCl is vanishing. If we assume that the cross- 
section is mainly due to 1.44 ov ^-resonance neutrons, 01 being 1 /m absorber, 
the actual-cross section is about 13% of the thermal cross-section. Henco the cor- 
rection factor for thermal cross-section should be of this order of magnitude. Thus 
the overall correction factor necessary, covering all these errors, should not be 
larger Ilian a few percent, the errors more or less compensating each other. 
Although this correction factors arc not very largo, the uncertainty inherent in their 
estimates does not allow us to claim the value to be closer than 10% of the true 
value. A more accurate estimation of the absorption cross-section may be 
obtained by using different thickness of absorber and studying the trend of the 
measured value of <r a as the thickness of the absorber is made very small. 
Experiments along this line are in progress in our laboratory. The present 
experiment however, clearly demonstrates that the spherical symmetry method 
is sufficient to separate the effect of scattering from that of true absorption of 
thermal neutrons. 
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MODELS OF THE LOWER IONOSPHERE 
AS MAY BE INFERRED FROM ABSORPTION RESULTS 

P. BANDYOPADHYAY 

INSTITUTE OP UaIHO PHYSICS AND ElECTHONICK, CALCUTTA UNIVERSITY 
(Received for jjublirnthh , February 2(i, 1 !), r >7) 

ABSTRACT. Values of devialive and non-dovialivo absorption and lluur variations 
with cos X arc calculated for sumo of the proposed D and E region models. The rosultH 
obtained are compared with the available experimental data. It is found that ho far as the 
jij region is con corned, A. P. Mitrn’s theoretical model is most consistent with the observed 
diurnal variation of absorption. For the E region,! he model, as proposed hy .Tines, is ioiind 
to be unacceptable. 

Conditions which are to be satisfied by an acceptable E region model are diheussed. 

1 . INTRODUCTION 

It is now well-known that, the height variation of ionization in none of the 
ionospheric layers obeys the simple Chapman distribution. This is obviously due 
to the highly idealised nature of Die assumptions made Many different models 
of the ionospheric layers have, therefore, been proposed from time to tune to take 
into account the departures from Chapman distribution. These proposed models 
have,in many cases, been cheokod against experimental height measurements. 
Occasionally these have also been checked against results of absorption measure- 
ment. But a general checking of the various proposed models against the avail- 
able experimental absorption data does not appear to have been made till nov. 
This is done in the present paper for I) region models of Nertncy (195.1), Piggott 
(unpublished), and Mitra* (1954), and for the K layer model of Jones (1953). 
The object lias been to judge the adoquacy ol the proposed models for explaining 
the observed variations of ionospheric absorption. All the calculations aie on 
the basis of the ray theory and by the method of numerical integration. 

2. THE MODELS 

(i) Nertney* s model (D region). The model is an empirical one, Chapman- 
like, with the height of maximum ionization fixed at 79 km (figure 1). It has 
been claimed that the experimental results of Grace (1951) support this constant 
height" idea at loast for the hours round noon time. The model has been checked 

♦The actual model used is a revised one in which S.l.D. observations have been employe! 
to modify the lower portion. The details about this unpublished revised model have been 
made available to the author by A. P. Mitra. 

207 
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by Nortnev primarily against group and phase heights of reflections of 16, 48, and 
150Kc/s waves, against polarization and wind data, and also against absorption 
observed of 160 Ko/s waves. 



1 I >■ region model (after Nertney) 


(n) Pif/yoU'* model (0 region)*. The model is shown in figure 2. It is based 
on absorption measurements made at Slough with medium and short u aves, mid 
on the relaxation times obtained from /„ E and 16Ke/s phase heights. 

■J Gee 0 



•Private communication to A. P. Mitre 
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(iii) A . P. Mitm'a model (D region). The model (figure 3) has been proposed 
from various theoretical considerations regarding the nature and distribution 
of the atmospheric constituent at the I) layer heights, and the height variation 
of the recombination coefficient. Mitra lias checked his model against 8.1 .1) 
results. 



Fig. 3. J> region model (alter A. 1\ Mi Ira) 



Fig. 4. E "regJiiii ' inbilfd (iiTTcr Jonob) 


(iv) Jones* model (E region). The model (figure 4) has been rim eloped by 
modifying the Chapman theory so as to include the effects of variable scale height, 
oxygen dissociation, and variation o L recombination coefficient with height. The 
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model has been checked primarily against the phase height data obtained at Pen- 
nsylvania State University on 150 Kc/s. 

Calculation ot absorption also requires a knowledge of the variation of colli- 
sional frequency with height. For this, the height-collisional frequency curve 
(figure 5), as suggested by Nicolet (1953), has been utilised. 



.‘t. T H IS O R K T l C A Ji (' () N 8 1 1) E R ATIONS 

The total absorption suffered by radio wave along the whole of its direct 
and reflected ray path is given by 

J k ds = - log p nepers ... (1) 

where k is the absorption coefficient and p is the so-called reflection coefficient. 
Assuming that the propagation is quasi- longitudinal, we have, according to the 
approximation of Booker (1935), 


= 1 — 3>o 

(P±Pl)*- h ' 2 

and 

K = L . L . ..Pi. 

2c ft. {p±p L )*+v* 


... ( 2 ) 

... ( 3 ) 


where 


v — collisional frequency, 
p — angular frequency of the incident wave 
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p L — angular gyro -frequency corresponding to the longitudinal component, 
of the earth’s magnetic field. 

and Pt? — - 77 ^-' A 7 being the electron density ajid m and c. the mass and the 
m 

charge of an electron respectively The upper positive sign reiers to the ordinary 
wave and the lower negative sign to the extra-ordinary one 
(a) Non-deviutive absorption* 

Jn the case of non-deviative absorption // =; I From Eqns. (1) and (!t) the 
total absorption is, therefore, given by 


- Jog p =r $Kds 


27itr f Xv 

me J 47r 2 (f±f h ) *4 »' 2 


ds 


(4) 


wheie 


f — V and f L — 

J in JL 2 7T 


Kqn. (4) has been utilised for calculating the non-deviative absorption. Hie evalua- 
tion of the integral being earned out by numerical method. . > 

Lt is seen from (4) that when the eollisional frequency v is small compared 
with the "effective angular frequency’ ‘ the total absorption can be put 

as 


— log fi — f K (Is ~ 


A 

(J±f,f 


< 6 ) 


whore A is a constant*. 

The non-deviative absorption becomes thus inversely, proportional to (/±/J; 
Hence, if in any special case the absorption is found to vary inversely as 
one may conclude that the absorption is in a non-deviative region. 

(b) Jhviatiue absorption 

In the case ot deviative absorption /t is less than unity. 1 unn hipus. (-) 
and [\\) the absorption coefficient. « is now given bv 


2r 


i -r 


m 


or, substituting the expression for /( as sdven in (2), 


PI 

Ip±vl£±1 


2c 4 


p; 
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Putting 

R 21 and taking v ^ ( p±p L ) 

('P±PlV 


one gets 

K = gB(l-R)-l ... (7) 

The total doviutive absorption of a wave for double traverse of a region is given by 


-Ior/>=| 


(K) 


where s r is the height of reflection of the wave given by the condition /i 0. As 
for the non-deviative case, the integral in Rqn. (S) has been evaluated by numerical 
method . 

(c) Variation of non-deviative absorption with the solar zenith angle y. 

For a Chapman region N — N u exp i (1 - z- sec ,y&' 2 ) where z is the height 
above the datum level expressed in the unit of scale height H. N 0 is the electron 
density at the level of maximum electron production y — 0, and v (l is the eoJhsional 
frerpiency at the same level. If we assume that v decreases exponentially with 
height, r — r 0 r,~ z , then substituting for N and v in Iflqn. (4) we get the lotal non- 
deviative absorption for a Chapman region. Appleton and Piggott (11154) have 
calculated this absorption for double traverse of a Chapman region. They have 
found that when the recombination coefficient a. is independent of pressure 


-log/* - f K(fe^ . y/2n, . 

' ™C (P±Pl) 

If a is proportional to pressure, then 


-log/>= /« ds =- - OOS * 

me v {p-\:V L Y 

r I’he total absorption is, therefore, generally of the form 
log p ^ .log p 0 , cos" y 


... ( 0 ) 


... ( 10 ) 


... (H) 


where log p n is the absorption for y — 0. It follows, therefore, that if for a given 
frequency, p is measured for different valued of y,then the plot of the logarithm 
of log p against logarithm of cos y will be a straight line. The slope of this straight 
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line should give iho value of the index n. Alternatively, n may also be obtained 
from a comparison of the logarithm of the ratio with the logarithm of the 

ratio — — 1 , whero and p z correspond to Xi and y, respectively, Experimental 
cos 

results show that the value of n is slightly below unity. A satisfactory model 
should, therefore, yield such a value, 

4. AVAILABLE EXPERIMENTAL DATA 

"For checking the proposed models the most useful absorption data arc those 
on the frequency dependence of absorption for different values of y at some defi- 
nite epoch of solar activity . Unfortunately the available absorption data are not 
adequate for this purpose. For chocking the value of n the existing data are, 
however, quite satisfactory. 

(a) Avnihhh dMa for nnn-deviativc and deimtive absorption*. 

Extensive series of absorption data are available from Slough. Appleton 
and Piggott (1954) have utilised these data for studying the variations of absorp- 
tion with different parameters. They have found that in addition to variations 
with frequency and with ,y, there exist dmrnal and seasonal variations of absorp- 
tion together with a ‘winter anomaly” (characterised by occurrence of anomal- 
ously large absorption on certain groups of days in winter). An effect of solar 
activity on absorption, has also been found. 

Due to these anomalies and to the uncertain nature of the dependence of 
absorption on some of the factors, standard curves of absorption against frequency 



fxequEMcy Quc/k) 

!•>. 0. Vniialion ot absorption givo.. a* (- log P)~i with froquonry (after Appleton and 
TMggot). | Add 1 .2 to the values of frequency to get effective frequency (f± Ji, in c s l* 

for given values of x not available. In the present paper, therefore, the ex- 
porimental values of Appleton and Piggott (1954) taken on July 11, 1950 an 




304 


P. Bandyopadhyay 


presented as a plot of ^ — against frequency (reproduced in figure ft) arc 

taken to be fairly representative. These are utilised for the purpose of com- 
parison with the theoretically deduced values. Wo note that, the observed values 

of ^ iV T* extT P* those close to the critical frequencies of the E and the F, 


layers, lie on a straight line. From Eqn. (5) we may conclude, therefore thnl 
the values on the straight Ijne are noii-deviative absorption values. 


The values of absorption. near the critical frequencies represent mainly the 
deviative absorption superposed on the uon-deviative absorption. The values 
of the latter are obviously represented by the corresponding points lying on the 
continuation, of the straight line under the total absorption curves \Hencc, by 
subtracting t hese latter values from the total absorption values, one. may obt ain 
puie deviative absorption curves for the E and the regions This is\shown in 


figure 7., 



Pig 7 Variation of absorpt ion ( — Jog p) with lioquonry [AiM 1.2 to l la, frequency values 
to get corronponding effective frequoncios lnJVIc'sl 

It is to be noted that each of ’the models has been represented by its author 
(or authors) by a number of electron distribution' curves for different values of 
y. Of these we have selected only the one for y — 30° for testing. This is be- 
cause, as already mentioned, 'the data available for comparison refer only to this 
value of y (at Slough, July 11 , 1950). 

*■ Besides the- absorptimv Values *of Appleton and Piggott, those obtained by 
Mitra in id Shaim (1953) from measurements, of cosmic -noiHo intensity for 1K.3 
Mc/s are also utilised t ' . 
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(b) Available data for the exponent of com y 

A wide range of values haw been icportcd for the cos y exponent (w) ol absorp- 
tion (Eqn. 11). There is a day-to-day variaiion of n for any given fVequeney; 
n also appears to depend on the season and on the magnitude of the absorption. 
T1 is also affected bv contamination from absorption taking place in a layer or 
layers besides that under consideiation. The investigations of Apple! on and 
Piggot.t (1954) show that individual values of n normally range from 0.4 to 1.3. 
The most probable value lies between 0.7 and O.S 

5. DISCUSSION OK KEN U L T S 
(a) Non-deviative absorption 

In Table T are given the values of non-devialive absorption for the diffeient 
D region models as calculated from Eqn (4) for y = 30" These mav be compared 
with the experimental values of Appleton and Piggotl (for effective frequencies 
upto 0.0 Mc/s). and of Mitra and Sham (foi the operating frequency 18.3 Mc/s; 
effect ive frequency 10.7 Mc/s) for the same value ol y 

TABLE I 


Effec- 
tive 1 re- 
quoncy 
Mc^k 

D region absorption,. log P , m noperi 

Expen- j Theoretical 

n. the 

Kxperi- 
m« nt ivl 

exponent of com X 

Then rot ical 


jNortney j 

! ; 

i ; 

Mit.ra |Piggott 1 uHing 

| Ink p Nicolot’is 

lvalues ; v \ akicH 

Ncitnoy 

JUilnl 

3 0 

5 « 

] .1 

2 0 ’ 50 14 J 


2 2 

0 5 

4.0 

3 2 

0 7 

i.4 ».a ft. 2 


2.3 

0.6 

5.0 

2 0 

0.5 

O.S 2 1 5 3 

7 to ft 

; 2 3 

0.7 

5.0 

J 4 

0.4 

0.6 1 5 3 7 


2 4 

0 7 

19 7 

0 14 

0 04 

0 06 0 U 0.35 


2 7 

0 S 


It is seen from Table I that the values of absorption for the Nertnoy model 
are in every case too low. The values may be improved if the electron densities 
arc increased by a factor of about 5. .Even then, however, the ’shape of the 
model cannot, be regarded as satisfactory, because, the values of n depend on the 
shape’ and, as seen from Table T, the a -values are all unusually large. 

Absorption values for Mitra's D region model are also too low. Better values of 
uhsorption may be obtained if the electron density is increased by a factor of about 
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2.5. This wiJJ raise, the maximum eloctron density N () in the model from 2.0x ]0 3 
per cm 3 as recently proposed by Mitra (1955), to about 5xl0 3 per cm 3 . One satis- 
tying feature of the model, however, is the close agreement of the values for n 
with the experimental ones. 

Using Piggott's electron density and v values, the calculated absorption values 
for T) region show also correspondence with the experimental values. This is as 
expected because the model itself is based on absorption results, and the collision 
frequency distribution used by him has been chosen to suit the absorption values. 
The corresponding calculations, using Nicolet’s (1953) r-distribution (figure 5), 
yield much higher values of absorption. Tt appeals, therefore, that fhe electron 
densities in Piggott’s model are too high. Values of n for this model, could nol, 
however, be calculated, since its variation with y has not been specified. 

(b) Devin, live, nhmrption \ 

Values of K region deviative absorption for Jones model for y — 3^°. and for 
effective frequencies close to and below the critical frequency were obtained 
by numerical integration. These are given m the last column of Table TT and 
may be compared with the experimental values shown in the second column. 

TABLE TT 


Effective 

f reqnenev 
f 1 fh MfJs 

iVuluoH of dev i all vo ab- 
sorption. — log p, in the 

K region in nepers 


1 Experi- 
| mental 

I 

| Theoretical 

1 (from .Tone’s 
model) 

4 0 

n.2 

9.9 

4. 1 

0.7 

9 7 

4,2 

1 .3 

10.1 

4.3 

2 2 

12.8 

4.4 

3,2 

13.3 


It will be seen that the calculated values for this model differ widely from 
the observed values. Firstly, the values are too large (larger, for example, by a 
factor of about 8 for 4.2 Mc/s) and secondly, the rate of variation of absorption 
with frequency (which depends on the shape of the model) is slower than that 
actually observed. It may, therefore, be concluded that neither the height nor 
the shape of Jones model is acceptable. It is possible to retain the shape of 
the model and yet reduce the absorption values by raising the model bodily up. 
This, however, is no solution, because, the nature of the frequency variation of 
absorption will then not agree with the experimental observations. 
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(o) Conditions to be satisfied by an acceptable E-region model. 

In developing an empirical E layer consistent with the various experimental 
observations, the following points have to he carefully considered 

(i) The maximum electron density level should he at a height greater Ilian 
that of Jones’ model. This is in order to reduce the calculated absorption values. 

(ii) The bottom part of the layer should behave like the Jones 1 model. This 
is to make the layer height consistent with the 150Ko/s phase height and with 
the other experimental data on which the model is based. 

(hi) For any model, the shape near the peak must not deviate considerably 
Irom a Chapman layer, because, observations show that the cos y exponent for 
/y E is normally only slightly different from the Chapman value of 0.2/5. 

Some idea regarding the overall shape of a correct E layer model may be formed 
from a comparison of the curves of frequency variation of absorption of the pro- 
posed models [Jones model and Chapman model, obtained by using the numerical 
integration results ol Jaeger (1947)] with the experimental curve This 

is made in figure 8 whole the ratio ^ ^ , is plotted against effective frequency. 



loir p 

Kig, N Variation ol' .. with offootivo frequency. 


It will be noted that for both Jones and Chapman models the frequency variation 
as compared with the experimental curves, is too slow. This is because the in- 
crease of frequency causes comparatively small increase of penetration of the 
exploring waves into the layer leading to an increase of absorption. The correct 
layer will have, therefore, to be thicker in the region where it contributes most 
to the deviative absorption at higher frequencies (i.e., near / 0 E). 
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0. tIONO |, IU)INU REMARKS 

The study shows that one of the proposed models of the lower ionosphere 
can cause absorption as demanded by the experimental data. Nevertheless A. 1\ 
JVJitra s It model is perhaps the most acceptable one, because, its relative varia- 
tion of absorption with frequency agrees closely with the experimental values. 
Further the values of the exponent n of cos y for the model fall well within the 
most frequently observed range 

The study also reveals the dependence of n on frequency- a fact which is 
significant in the understanding of its wide range of varation as observed by dif- 
ferent workers. , 

Jones E model examined from the point of view of deviative absorption is 
found to be inadequate. An acceptable E model should not only vicldy values of 
deviative absorption agreeing with the experimental, but must also satisfy certain 
other conditions as outlined in See. 5. Tt is proposed to develop an empirical 
E-region model along these lines and present the results in a- subsequent' paper. 
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SOLAR ECLIPSE OF 30TH JUNE, 1954 AND ITS EFFECT 
UPON THE IONOSPHERE 

8. N. MITBA 

Research Dier \ ktmbnt, Vi,i, Lndia Radio, Nkw Delhi 
{Knrtupii for pnbluntivu A input _>4, !%(») 

ABSTRACT- tixpoi-i mental invrstigat iohh to datomuju’ tin wftcnl ol I lie lotitl echpiso 
of I, lm sun on 30,(1. Yfc, aro tlouoribcd. The m vast i gal- ions wmv(l) vnliuil mruk'iicu lonoapluwir 
niDHiHUivmont h at Dolhi. Krmagnr ami Bombay. (2) roumlmg of the \Rimtion ot blunt wave 
signals from I ho 13 B.U mul Moscow at Dolhi, (.3) locoidmg ol Hold sUonglh variation of moduim 
wave signals from JuUiindur at Dnlhi, (4) nuiasuromont of ionospheric ubsoipt ion a( vortical 
incidence using pulsed transmissions by means of im automatic absorption iccordoi at Delhi, 
and (o) record i ug ol solar radio noise on 204 Ale's at J)clh:. The oiled uJ the optical cclipHc 
on I ho ionospheric layers could not bo dcdnitoly cstablisluwl, duo probably to the eclipse oo- 
curung around sunset when most of the optical wiled was likely lo he obscured. But evidence 
of’ throe distincl corpuscular eclipses’ was obtained both on the ionnsalian density ol the 
(•’-layer and on (bo absorption m ilio non-dcviatmg irgion These, wore bmnd to occui 2,4 and 
(il hours ho (ore the optical eclipse . Theoretical arguments and past observations indicate 
i hal those corpuscular emissions may bin e originated hoin the so-called M-iegion ol tlmsun. 


I. INTRODUCTION 

'Die effect of a solar eclipse on the ionosphere has become a subject of impor- 
tant investigation to the geophysicist and to the communication engineer. This 
is because the sun exercises a predominant control over the ionospheric charac- 
teristics which determine short wave propagation. 'Hie sudden withdrawal of 
solar radiation for a short interval ol time during the eclipse offers a rare oppor- 
tunity of probing into ebaraetet of these ladiatious and theii accompanying 
effects. 

A decrease in ionization density of the ionospheric layers during the eciipsc 
period has been observed by many workers m the past. This indicates that the 
ultraviolet radiation from the sun is at least partly, if not fulh , responsible for 
producing ionization of the ionosphere !n addition to the ultraviolet radiation, 
the coipuscular emission from the sun, known to cause terrestrial magnetic varia- 
tions and aurorae, has also been found to ionize the ionospheric layers as evidenced 
horn 'corpuscular eclipse’ observed from investigations of the ionosphere during 
^olar eclipses. Owing to their slow velocity, the ‘shadow ’ of such corpuscles will 
be different in its location from that of Ihe optical eclipse and the corpuscular 
eclipse' should precede the optical eclipse at the same location. It may be mon- 

:toy 
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tionod that there is now sufficient evidence on record to show that the corpuscular 
emission from the sun produces pronounced effect upon the ionospheric layers. 
Thus, the F 2 region lias been known to possess a geomagnetic control, as shown by 
Appleton (1946), although it lias not been definitely established whether such a 
control is exercised by corpuscular emission from the sun; the absorption of 1) 
and E layers has been found to be influenced by corpuscular emission (Davies and 
Jdagg, 1955), the current systems m the upper atmosphere are caused by the inci- 
dence of these corpuscles, even the cosmic ray bursts in times of magnetic 
storms have been attributed to the ejection of charged particles from the neigh- 
bourhood of solar flares (Mixed (Commission on Ionosphere, 1949). But little is 
known about the cause and exact mechanism of the emission of corpuscles from 
the sun. 

In our investigation of the effect of partial solar eclipse of February 25, 1952 
(Mitra, 1952) we have observed the occurrence of two corpuscular eclipses We 
have later attempted 1o ideiitifv the emission of these corpuscular beams with M- 
rcgion activilv of the sun (Sengupla and Mitra, 195*1). The total solai eclipse ol 
30.6,54 provided us with one of the rare opportunities of studying the corpuscular 
effects and some experiments w’ere specially planned to investigate the pheno- 
menon hi this paper wo shall present the resuJls of our observation and discuss 
the corpuscular eclipses lound in the analysis Since Ihe eclipse occurred near 
about sunset, the elfect ol the optical eclipse was likely to be ^obscured On the 
other hand, since the corpuscular eclipse, if any would be expected to occui 
during the day, ionospheric conditions would be quite stable showing little da v 
lo-dav variations (as compared with tho.ie during night) thus favouring the 
observation of the corpusi ular eclipse We have, therefore, concentrated on the 
evidence of any corpuscular eclipse found m the experiment 

2 XT A T U li K O F THIi I N V K S T I (J A T 1 O X 

The solar eclipse of 30th June, 1 954 commenced at about 18301 S.T and ended 
at about 2030 1ST, the path of totality lying across part of TbS.A , Canada, Sou- 
thern Greenland and Norway across Russia to Northern India. The eclipse 
occurred around sunset in the Northern India and "it was, therefore, considered 
uecessaiy to calculate the time of the sunset for different places of observation 
and for different altitudes We had fixed Delhi, Bombay and Srinagar as our 
observing centres. Srinagar is situated at the highest northern latitude at which 
facilities of measurement were readily available to us. Bombay was chosen ns a 
place of observation where the eclipse would be only partial. 

The circumstances of the eclipse at Delhi, Srmagai and Bombay have been 
calculated and are shown in Table 1 
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TABLE 1 

Circumstances of the solar eclipse ol I30.ti.54. 



0 ion ml 

100 km. (JO) 

300 km.(F) 

Delhi ( Lai. 28" 33'N. 

iSuriHPl. 

, Long. 77" 
1923 1ST 

VIO) 

2017 1ST 

2038 1ST. 

Eclipse bogina 

1830 ' 

1831 ” 

1834 ” 

Eulipno max. 

1923 ” 

1924 ” 

1920 ” 

Eclipse ends 


2014 ” 

2013 ” 

Mu.guil.udo 

0 93 

0.92 

0.87 

S r i narj a r ( Uu . 34 N , 

Long. 74 30'E) 


iSlJIlHPt . 

1940 1ST 

2044 1ST 

2131 JST 

Eclipse bugle's. 

1S23 ” 

1 82i» ’* 

1827 ” 

I0< lipse max 

1917 ’ 

1919 ” 

1920 ” 

Eclipse ends. 

— 

2019 ” 

2019 ” 

Magnitude 

0 S3 

0 83 

0 79 

Bombay (Lai I9°N„ 

Long. 73°E.) 



Sun sot. 

1919 1ST 



Eclipse begins 

1 842 " 



Magnitude at min set 

(Mi 8 




1ST — Indian Standard Time, is 5-i hours a, head, of G.M.T 

Our investigations to study the effect of the corpuscular eclipse pertain to the 
following. The measurement of the critical frequencies permits a direct evalua- 
tion of the maximum ionization. Concurrent, measurement of the layer heights 
would indicate the changes in the heights of maximum ionization. Another effect 
that might he investigated would lie the change in the strength of the signals 
propagated via the ionosphere during the period of the eclipse and this change is 
likely to indicate the variation m the T) and E layer absorption associated with 
such eclipses. In addition, a direct evaluation of the ionospheric absorption at 
vertical incidence on pulsed transmissions would usefully supplement the data. 
The study of the changes in the magnitude of solar radio noise is another pertinent 
investigation of interest 

To observe any changes during the eclipse period, the conditions for a few 
days around the day of eclipse are required to be known. We have, therefore, 
carried out all our observations for five days before and five days after the eclipse 
thus providing adequate measurements for the control period of observation. It 
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can be shown from theoretical considerations that the corpuscular eclipse, if any, 
will precede the optical eclipse depending upon the speed of the corpuscles. For 
calculation, one may take that corpuscles having speed of If >00 km. sec -1 will pro- 
duce a corpuscular eclipse preceding the optical one by about two hours (Chapman 
and Bartels, 1940). The lower the speed of the particles the greater will be this 
interval. We have, therefore, conducted all our measurements from 1200 to 
2100 l.S.T. each day during this 11 -day period. 

:t. K X P E K I Vf K NT;\I, () 11 S E H V A T JONS 

To investigate the effect of eclipse on the ionosphere the following tjbservatioiis 
were made . i 

(l) Vertical incident e ionospheric measurements ill Delhi, Srinagar and 
Bombay. 

(ii) Recording of the variation ol field strength of short wave signals from 
the B 13.(1. and Moscow at Delhi. 

(in) Rerouting of Held strength, of medium wave signals from Julhmdui 
(Bat. :U°25'N., Long. 75°:3f>'E) at Delhi 

(iv) Measurement of ionospheric absorption at vertical incidence using 
pulsed transmissions bv means of an automatic absorption recordei at Delhi 

(v) Recording of solar radio noise oil 204 Me/s al Delhi. 

We shall describe these observations separately. 

(i) Vertical Incidence Ionospheric Measurement. 

Measurements at Delhi consisted in photographing the h' — f curves bv a 
panoramic ionospheric recorder constructed al the Research Department ol All 
Tndia Radio. The recorder was capable of sweeping through a frequency range 
of 0.5 to 20 Mc/s in 7 seconds. The peak power was of the order of 1 kw. The 
photographs were taken once every 20 minutes on the control days and on the day 
of the eclipse these records were t aken once every 5 minutes. A manually operated 
ionospheric- recorder was kept as a stand-by and measurements by this recorder 
were also taken once every 20 minutes. 

Measurements at Srinagar and Bombay consisted in measuring /„F«,, / 0 E and 
h p V,, once every half-hour on the control days and once everv 15 minutes on the 
day of the eclipse. Manually operated ionospheric recorders were used for the 
purpose. 

The analyses of the data ara shown in figures 1 and 2. Figure l shows the 
variation of (/ 0 F z ) a and /q,E 2 for Delhi and figure 2 those for Srinagar. Unfor- 
tunately, due to the presence of strong E*, practically at all timeR of the period of 
observation, it was not possible to analyse the data for Bombay and the dula 
for E layer over Delhi and Srinagar, 
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It will be seen from figure J that there is a significant reduction in ionization 
density ftt about 1730 I.S.T. The effect of the optical eclipse between 1S34 and 



TIME i ST 


Fig. 2. Vertical incidence mnosjilicru c h.n wHensl ict- .»i Sniuigtu 

-013 I.S.T, could not be seen as its effect, if any had probably been obscured 
bv the sunset. There was blanketing E* from 1200 to 1330 I.S.T'., on the day ol 
the eclipse and the E.» layer could not be observed. The reduction in ionization 
density at 1730 I.S.T. is so pronounced that it could not be explained by day-to- 
day variations. Moreover, the measurements during control days indicate that the 
values of /pPg were more or less constant during the period lf»30 to IK00T.S.T 
showing slight rising tendency towards the end. The occurrence of a corpuscular 
eclipse two hours before the optical eclipse could, however, explain this reduction. 
There is also a small reduction in ionization density at about loOO I.S.T. but it 
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ir difficult to conclude whether this wes due to the effect ol‘ corpuscular eclipse, 
It may, incidentally, he mentioned that we had reported similar two-hour 
effect from our investigation of the partial solar eclipse of 25th February, 1952 
(Mitra, 1953). 

At Srinagar, we were able to observe / ft K, oil Ibe eclipse day right from L200 
l.ST But the incidence of strong E„ vitiated our measurements from 1645 
to 2030 T.S.T. Tt will he noted from figure 2 that there was a reduction in ioni- 
zation density at 1300 I.S T , a small dip at about 1500 T.tt.T. and a gradual hut 
considerable reduction from 1530 l.N.T. onwards In regard to the dip at 1300 
LiS T., it may be mentioned that the values of / n F 2 during the control period always 
showed a rising tendency during the period 1200 to 1400 I.S.T. The reduction on 
the eclipse day, therefore, appears to he a genuine effect. The two-hour cffe< t , as 
observed at Delhi, is somewhat obscured by the occurrence of E 8 but th\e depres- 
sion near 1730 I.S.T. is quivo large Had there been no the general fall in ioni- 
zation density from about 1530 l.S r f, onward'* would have indicated a large de- 
pression in (/off,)* near about 1730 1 S T as could b'* seen from Injure 2 The de- 
pression at abou I 1500 f S.T. could also be seen at Delhi in figure I, although 
not so pronounced. One cannot rule out the possibility of day-to-day variation 
c.ausiug the small depression in (/„F 2 ) 2 at 15(H) I.S.T. but one would hardly expect 
this coincidence at tun independent- places of observation il it u ere due to local 
variations We suggest that the small depression in ionization* density at about 
1500 I.S.T. is likely to he also associated with a corpuscular eciipse. 

Tn regard to day-to-day variation in/ 0 F s over Delhi and Srinagar at any hour 
during the control period, our data indicate lliat it was within about 0.4 Mc/s 
The accuracy in measuring /„K, was within | 0 05 Mc/s The large depressions 
observed in / M F., on the eclipse day appear to be genuine effects and indicate l lie 
occurrence of possible corpusculai eclipses 

We may, therefore, conclude that our vertical incidence ionospheric 
measurements over Delhi have indicated the presence of two corpuscular eclipses 
oeeuring approximately 2 and A hours before the optical eclipse. The same has 
also boon observed over Srinagar but with the addition of a 6 1 -hour corpuscular 
eclipse. The last one could not lie observed at Delhi due to the absence of measure- 
ments of/ n F 2 . But, since the first two are found to occur simultaneously at both 
the places, wo are encouraged to infer that the 6 J -hour corpuscular eclipse could 
also have been seen over Delhi, if incasuremets were, abailablc. These three 
corpuscular eclipses would give the velocities of the corpuscles as approximately 
1000, 800 and 500 Km /sec., respectively. 

(ii) Recording of Shortwave Signal Intensity from BMC. and Moscow. 

Records of field intensities were taken at Delhi on signals from B.B.C. and 
Moscow on 15070 Kc/s and 15270 Ke/s respectively from 1200 to 2100 T.S.T 
on all the days between 25.6.54 and 5.7,54. A communication receiver was used 
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to receive the signals. The output from the second detector was fed to a d.o. 
amplifier connected to a pen-recorder. The system was previously calibrated in 
terms of microvolt signal input by means of a standard signal generator. The 
recording spoed was kept at 3 indies per minute. Continuous recording was made 
for a duration of 5 minutes on each of the signals once every 15 minutes. 

The signals from B.B.C and Moscow were found to be fading quite appreciably. 
The average strength of the signal during each 5-imniitc period was arrived at 
from individual readings of the signal strength at an interval of 2 seconds. All 
these average values wore later grouped together to arrive at an average field 




ti'ength variation for the control period of observation and for the eclipse day 
l be comparison is shovn in figures 3 and 4. 
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It will he noted from figure 3, which also indicates the eclipse timings at the 
first rout ml pond of reflection, that the received .strength of the signal on trans- 
mission from the B.B 0. on 15070 kc/s 'vent on increasing rapidly on the eclipse 
day short l;v after 1000 I.S.T. and remained high till near the end of the eclipse. 
The overall increase during the period of the eclipse may he* attributed to the opti- 
cal effect. But the variation of signal strength did not show any significant be- 
haviour so far as a possible corpuscular eclipse was concerned. 

Figure l shows the signal variation on transmission from Moscow cm 15270 
Kc/s, The signal on the eclipse day was considerably lower than that on the 
i onl ml days thioughoid the period of observation. There were depressions in 
the received signal strength on the eclipse day at 1230, 1530 and 100(| I.S.T. II 
the eclipse corpuscular or optical, had produced any effect on the propagation of 
the signal, one would expect a rise m the signal at the corresponding mines, pro- 
vided of couise the reduction in ion-density was not sufficient to appreciably 
alter the MUF ll is difficult to explain the observed overall lowering' (if signal 
and the minium at various times 

It may, however, be pointed out that one should he careful m interpreting 
variation of signal strength on short wave transmissions over large distances. 
The piopagation of the wave is likelv to be cpiite complicated in that a two-hop 
and or three-hop propagation via F., may normull' occur, but it is cpiite certain that 
Koine signal will also lie propagated thiougli E„ The combination of these seveud 
modes of propagation at the receiving station may produce the variation of a 
lesultaut field which does not (inly represent the conditions at the control points 
of reflection for a particular mode of propagation. 

(m) Jtfcord'uu/ oj M (‘d in m I Vair Sufttu! Intensity [torn J uUundur. 

During the pound of observation, the 50 kw transmitter at dullmidur work- 
ing on 710 ke/s was made available and continuous recording of its signal strength 
was made at Delhi from 1200 to 2100 1 S.T. on each day from 25.fi. 24 to 5.7.54 
The same experimental procedure was adopted as m the ease with signals fioni 
the B.B.0. and Moscow. Separate receivers, aerial and recording systems were 
used. The analysis of the field strength variation was carried out in the way 
previously described 

The distance from •Julluudur to Delhi is about 350 km. The mode ol 
sky-wave propagation will, therefore, be siugle-hop E and the received 
field strength variation is likely to provide a sensitive tool for determining the 
effect of anv corpuscular eclipse cm the absorption in the non-deviative region. 
Figure 5 shows the observed field strength variation and is according to expecta- 
tion There is an increase in the signal at 1530 and a bigger increase at 17.30 
T.S.T. on the eclipse day. These two increases can be identified with two corpus- 
cular eclipses, one at approximately 4 and the other at 2 hours before the optical 
eclipse. The tig-hour effect, as observed from the variation of (/«Fi) ,,s over Srinagar 
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(figure 2), could not be seen here. These two corpuscular eclipses indicate that the 
corpuscular emission from the sun was also partly responsible for causing varia- 
tion of absorption in the uon-doviativc region. There is supporting ovidence to 



Ji’itf. ,1. Mcdnim awiw field stiou^th Viundiuiih. 

Ihis hypothesis which we shall discuss below. 'Hie ©fleet due to the optical eclipse 
between 1 8.‘5 1 and 2014 l.S.T. could not be seen probably due to the sunset. 

(iv) Measurement of Jonospheiw Absorption by Vertical Incidence Pulsed Trans- 
mission S, 

Experiments weie conducted on the. measurement of ionospheric absorption 
on 5 Mc/s at vertical incidence employing pulsed transmissions Tbe period 
of observation was from 1200 to 2100 1ST. each (lav from 25 0.54 to 5.7.54. 
The method of measurement is as follows. The appaient reflection coefficient 
p of the ionosphere at vertical inudence is given by 



( 1 ) 


where 

/] — a constant 

G — strength of the ground signal. 
li x = amplitude of the first echo, 
ft,, -- amplitude of the second echo, 
and p' apparent reflection eo-effieient ol the giound. 

— log p is a measure of ionospheric absorption. 

The ground pulse and the echo system wei e received on an ionospheric remvei 
m the usual way. Since the transmittci and the receiver "'ere located m the same 
place, to avoid desensitisation of the receiver, the H.L. supply to the lust 
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stages of tho receiver was switched off during the interval occupied by the ground 
pulse by means of an electronic gate. A pulsed signal from a signal generator ad- 
justed to the same wave frequency was used in place of (1. Two electronic gates 
of independently variable width and delay were made to select the first and the 
second echoes (or, 0 and TiJ. A difference circuit combined these outputs giving 
log / ) and which was recorded by means of a pen recorder. The recording speed 
was kept at 3 inches per minute. /)’ can however, he evaluated fiom consecutive 
H Jt 

measurement o( log - ~ and log when the second echo is present. 

Cr Jii 

iiocording of | log/> | was made foi 5 minutes oi more al. each hall-hour from 
1200 to 2100 r.S T.. on the control days. On the eclipse day, however, these re- 
cordings were made al an interval ol In minutes. The average value of Jlog/)| 
was calculated in the usual wav and the, values wcie grouped to indicate the vaua- 
tum of I log /j | on the control days and on the (lav ol the eclipse as\ shown m 
ligurc (i. 

During the measurements it was observed that on f» Mr/s rctlcctioli from V' 
alone was not always present. Sometimes F, and F lould lie simultaneously seen. 
At some other times, either a blanketing 1C, or a single relict tion (mm V, could 
he observed Oni measuremeids wen* taken on wlnohevei echo that was found 
strongest. r rhe analysis icvcaled Mini the value ol |loe/)J eitJiei on F or mi 
blanketing F s at- the same time remained more oi less (he same, indicating (dial the 
main absorption was lakmg place below the level ol K <s fd another papci, wc 
have indicated that the mam ahsoiplioti atom latitude during the day takes place 
m the 1) region (Mitra and Ma/.unulai , ltlf»4) Hut the reeoids of |Jog/)j on puilial 
reflections indicated appreciably cldfeient values Similarly, then* were occasions 
when the downeomiug wave consisted ill the mlei fei (*uce bet-w ecu the two magneto- 
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hif*. (i. Variation of absorption at "» Mo/s. 
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ionic components and records ol' |logp| indicated periodic variations (Mitra. 1050). 
TIiohc records were excluded from our analysis 

It wdl be seen from figure (i that the variation or |logp| during the control 
period was according to expectation. But on the eclipse day, there was a large 
depression in |log/j) at about 1300, 1530 and 1045 I .ST. The reduction in the 
value of | log p| at those times was quite large and could not he accounted for 
by dav-to-day variations which were within about 7 to S db at any hour These 
reductions also agree with our other obsci vat ions as could be seen from figures 
] , 2, and 3. The depression at 1015 T.iS.T. is probably due to opt, it al eclipse } where- 
as the minima at about 1300 and 1530 I .S3 1 , can he attributed to eorpusoular 
eclipses of absorption m the non-deviative region Tt is rather surprising that the 
two-hour effect, as observed in the medium wave field strength variation (figure 
5) is absent in our measurement of |loop|. 

(v) llvrouluiq of S Uttar Radio Abu.sr mi 204 M< js. 

(Continuous recording of Hie intensity of radio noise on 204 Me/s was made 
from 25.0.54 to 5 7.54 by a peu-ieeordci . A racial leceiver tuned to 204 Me/s 
and .1 5-oIeinent Vagi aei-ial (fixed) with a refiectoi oriented 15° west of N with 
lespect to the voitical wen* employed for the purpose. The beam width of this 
aerial is about 45 n with gain of about lb dli. The noise reioid showed more or 
less smooth variation and it was possible to dot ermine t he average for a 5-minutc 
period wilh eompar alive ease. Bursts aiul few outbursts were also observed but 
ac ere left out of t he analysis The aveiage of each 5-minutc period was calculated 
loi all the hours and days from 25 fi 54 to 5.7 54. Those readings were then grouped 
together and averaged to show the temporal vanation of noise from 1700 to 2100 
1 S T. and the coi responding values on the eclipse day w'ere similarly calculated. 
Figure 7 show's the variation of noise on the control days and on the eclipse day. 



Fig. 7, Solar noise at 204 Mc/s observed »t Delhi, 
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Tt will l)e soon from figure 7 that the variation of noise was not appreciable 
on the control days. The noise intensity started to fleer ease with the onset of 
the eclipse and became quile low about 20 minutes before the maximum of the 
eclipse. This indicates that the noise emission was possibly not distributed homo- 
geneously oil the surface of the sun but was due to at least some discrete sources 
which were occulted before the maximum of l he eclipse. 

t . DISC! USSIO N O F K E S U L T S 

The main features of our observation are described below. Tt may be men- 
tioned here that no ionospheric or magnetic disturbances wore reported on 
30.6.54. 

The vertical incidence ionospheric measurements of the E a layen at Delhi 
and Srinagar indicated the presence of three possible corpuscular cclipscs-V- at 1300, 
1500 and 1730 l.S.T. preceding the optical eclipse by approximately flj\ 4 and 2 
hours respectively (figures 1 and 2) ' 

The field strength observations of short wave signals from J3.B.C and Moscow 
in the 15 Me/s band did not indicate the effect of any corpuscular eclipse. This 
was presumably duo to the combination of several modes of propagation at Iho 
receiving point obscuring the effect of such eclipse (figures 3 and 4). 

The field strength observations ol medium wave signals from Jnlhmdur.on 710 
Kc/s indicated the presence of two eorpusrulai eclipses, one at 1530 and the other 
at 1730 T.S.T. The corpuscular eclipse observed at 1300 T.K.T- on the variation 
of (/ () F,) 2 over ►Srinagar was not found in the medium wave signal variation (figure 
- r >) 

Measurement of ionospheric absorpt ion on vertical incidence pulsed transmis- 
sion has indicated the presence of two corpuscular eclipses one at about 1300 
and the other at about 1530 l.S.T. (figure. 6). 

One would have expected that the medium wave field strength and ionosphe- 
ric absorption should vary synchronously. The 1530 corpuscular eclipse is common 
to both. The 1300-hour effect is not observed in the medium wave field strength 
variation and 1730-hour effect is not seen in the variation of absorption. Strictly 
speaking, our measurement of |log/?| takes into account the absorption in both 
the D and E layers, although the contribution from E is comparatively less But 
the variation of field strength on medium wave transmission will indicate changes 
almost entirely in the absorption of the D layer. This may be one of the reasons 
why the same corpuscular eclipses were not observed in the variation of both 
| log/? | and field strength of medium wave transmission. Combining all the ob- 
servations, we find that the same three corpuscular eclipses observed in F a ioni- 
zation density could more or less be seen in our investigation of the absorption 
produced by the non-deviating region. 
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The measurement of solar radio noise indicated a reduction in the noise in- 
tensity (luring the optical eclipse but the minimum oeemred aboul 20 minutes 
before the maximum of the eclipse The coronal observation by Muller (1054) 
on 30th June, 1 054. has indicated the presence ot some pi eminences between 
0415 and 1327 U.T. Those prominences mighl account, for the minimum of the 
noise occurring about, 20 minutes before the maxim i mi of the eclipse. 

Tim effect of the optical eclipse on the charurt ensiles of the ionosphere could 
not be definitely established from all our measuieinmts, probably because of 1 lie 
sunset coinciding with the maximum oi tlu* eclipse 

The evidence of one or more corpuscular eclipses in the F\ region is an estab- 
lished fact (Haramr. 1045 , Smith-Hose. I9l(i, Mitra, 11)53) Tint there is little evi- 
dence of a similar effect m the lower layers The usual experiment in the past has 
been to concentrate on the measurement of (/„ E) 2 and Wince K and F t 

layers are known to behave as simple Chapman layers, the optical eclipse m 
these layers produces a pronounced effect and greater emphasis has been usually 
given to this part of the problem. It has also been found that m a good many 
instances in the past, the observations bad not been extended to cover the ponod 
when a corpuscular eclipse might have occur led 

We conclude, from our ionospheric measurements, that evidence has been 
ohtamed to indicate the presence of three distinct types ot t orpuscular emission 
Irom the sun. Their speeds arc 500, S00 and 1000 km sec" 1 These corpuscles 
must have left the sun 3 5, 2 7 and 1.K5 days respectively earlier than 30th June, 
11)51 These corpuscles are found to produce appreciable ionization both in the 
]<\ and in the lower layers (probably 1)). The corpuscular emission is known to 
occur during high sunspot activity associated with solar Hares and prominences 
But (luring minimum sunspot activity, as existed m 19o4, the mechanism ot emis- 
sion of such particles should be from quite different reasons and is of fundamental 
importance. This is because that such emission, if it could occur during low 
sunspot activity, should be a regular phenomenon throughout the sunspot cycle 
and is likely to produce some sort of a corpuscular control of the miiospheiic 
layers. 

Available evidence shows that- the corpuscular emission during low sunspot 
activity could be from the M -region of the sun. The M-region was first identified 
liv Bartels (1932) when he postulated that the 27-day recurrence of mild magnetic 
storms was associated with M-region activity giving out corpuscular emission. 
Tn recent years keen interest has been evinced in the origin, nature and identifi- 
cation of the M-region. Chapman and Bartels (1940) have shown that the 
activity of the M-region is predominant, during minimum of the sunspot cycles. 
Allen (1944) has associated the M region activity with coronal streamers, Von 
Kliiber (1952) has photographed at Khartoum a long coronal streamer from 
equatorial regions of the sun at its east limb during the total solar eclipse of Febru- 
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ary 25, 1052. Kiepcnhaiier (1047, 1052) lias all ribntcd the M-region activity 1o 
the increase in filament area near 1 lie central meridian of the sun and lias shown 
that the speed of the corpuscles from them is ol the order of 350-600 km see. -1 . 
Babcock and Babcock (1055) have succeeded in recording unipolar magnetic 
regions* by their solar magnetograph and have suggested that these regions may 
ho identified with M-regions. 

We have also obtained evidence of corpuscular emission from an apparently 
undisturbed sun in our analysis of solar flares, radio fade-outs, magnetic storms and 
sunspot numbers (Mitra and Mazumdar, 1054) We have found that, out of 122 
fade-outs, SI. 2 per cent apparently had no connection with any flare at, all. This 
had encouraged us to link up the “corpuscular” radio fade-outs will! M-reuion 
activity. We may, therefore, reasonably conclude that both the slower and 
faster moving corpuscles as observed from the corpuscular eclipses described in 
this paper presumably originated from the M-region. The exatt mechanism of 
the emission of such particles has. however, not yet been properly understood 

In regard to the nalure ol these streams, it. must, be assumed that they art* 
neutral in nature The corpuscular stream emitted from the sim is mostly ionized 
with a few neutral atoms. As it travels towards the earth, there 4 may he more 
neutral atoms created due to recombination between the positively and negatively 
charged particles in ihc beam. These neutral particles will lie unaffected, by the 
earth’s magnetic field and will product 1 ! at. all geographic latitudes a certain amount 
of ionization by collision with the gases in the upper atmosphere A decrease m 
the ionisation density corresponding to a corpuscular eclipse preceding the effect 
due to the optical eclipse is likely to indicate the extent to which ionization was 
being produced bv these eorpnsc les. In regard to the speed of these corpus- 
cles, some of the eailier workers, as well as Ihc present author, have observed 
different, values ranging between 500 and 1600 km sec* -1 Hut a correlation 
between solar flares and radio noise outbursts lias indicated that the low frequency 
outbursts may be duo to the emission of corpuscles with speeds ranging between 
350 and 650 km see, -1 (Pawscy and Smerd, 1052). The escape velocity of these 
corpuscles is of the order of 600 kin see' 1 . To account, for the emission of the cor- 
puscles of velocities lower than 600 km soi -J , Sciigupta and Mitra (1054) have 
suggested that, these cot pusclcs may travel in an elttptic orbit, ultimately falling 
back on the sun but encompassing the earth in their orbital passage. Kiepeu- 
hauer (1052), on the other hand, has indicated the possibility that these particles 
are being emitted from a distance of three to four solar radii whore the escape 
velocity works out to he quite low r (300 kin seer 1 ). 

It is, therefore, possible to obtain evidence of corpuscular omission from 
the sun by ionospheric investigations conducted during solar eclipses, although 
considerable work is still to be carried out to understand the nature, origin and 
and ionizing effect of these corpuscles upon the earth’s ionosphere. It will then 
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bo merely a question of fact based on observations, and when sufficient evidence 
js collected, it would be possible to derive u coherent picture of the corpuscular 
emission and its effect upon the ionosphere. 

A (! K N 0 W L E D E M E W 1’ S 

The work described in this paper forms a part of ioiiospiioric research pro- 
gramme of All India Radio and is published by permission ol Mr. B V. Baliga, 
the 01 uef Engineer. The author wishes lo express his sincere giatitudc to Mr. 
S. Basil, Director den era I of Ohservatoi'ies foi the loan of Vagi aerial and providing 
facilities for field strength measurement in ins laboratory. The success in the 
various observations is due to the whole hearted effort of a team of engineers 
of the Research Department of All Judia Radio. 1 am specially indebted to Mr. 
S. 0. Ma/aimdar and Mr. T. K. Yonkatasubvamanian for considerable help with 
the calculation o( the circumstances of the eclipse, apparatus and with observa- 
tions; to Mr S. Thiruvcnkatachari, Research Engineer, for helpful discussions 
and to Mr B. R. Kapur and late Mr K J\ Banei |ee, for providing facilities of 
observation at Srinagar and Bombay Stations ol All India Radio. Mr. f\ It. 
Dcsikach.ir kindly provided speiial trausmissious from JiiUiindur. r l'ho work 
was conducted under (he supervision of Mr. B. Y. Nerurkai past Research 
Engineer, All India Radio 


J! 14 F 14 UK N (' 14 S 

MIimi.C NN' , IU-N, Mon. A ot. Jl A sir Sot., 104, 13. 

Apploton, K. V, l IMG, Xtilttrv, 157,001 

IJalx'ock, JL W .inil li.ilicock. H. 1> , 1055, Xuliur 175, 200. 

Itdriels, 1032. Ten. Mm/. Atm Hint , 37, JS. 

(hnpnmii, S and Uuilck .1 , I ‘>40, (icuiiiHgueLihiii (Oxluiil, I'l.iioudon J’lVbs) 

D.im.w, K. ami JIagg, 14. I.., J. Aim Tor Phil 6. IS. 

Km .mg, L , 11145, Terr Mtuj . Aim Mo t., 50, 307 
Kiuponluiuor, K.O.,1947, A.*hojih'i*, J ■ , 105, JOS 

Kirpunlmnoi', K. ()., 1052. Tin' Sun, erl. II 1\ Kmpcr Clin agu FiiiummI.v Press 
Milni. S N, 1050, hut. J. Pht/*., 24. 107. 

JMilra, S. N., 1 053, J. So ln<ln*L . hulut, 12A, 310. 

Milni, S. N. ami Mu/auudai S (J., 1054, hut. J Pit'/*., 37, 5(33. 

Mitm. S. N and Mnzuuidai , S. (J . 1057, J. Aim Tar. Plti/x 10, 32. 

Mixed ( ' 0 minis, sion on Imiosphme, J040, (liuKsrls, Sorrolamt (Jencrol do 1’ V.U HA ) 
J\ 35. 

Muller, H„ 1054, Obwrmtonf, 74 , 322. 

p m »y„l,L .uuUSmml.S. l'M«!i2. Th,, Kim. «l (I I'. Ku.|,or, l‘lm'.igo Umvnhily 
1'ross. 

iSenguptH, T. K. and Mi tin S, N., 1954, Nuttnv, H73. 014 
Smith- Hose, li U. 1040, NaUtrr, 153, JO. 

Von KIuIjl'L', 1952, Oiwrouiory, 72, 207. 



32 


X-RAY DIFFRACTION STUDY OF THE HEAT 
TREATMENT OF KAOLINITE 

G. B. MITRA 


Department oir PiiYhies, Into an Institute up Technology, Kiiahaqpuh. 

( Itccctved for publication , January 21, J 957) 

Plate VI 

ABSTRACT In uitUh* to study llu* ciybtuUoi'mpluc changes in the slrueturo of kaoli- 
nilr wluui it is dnhydrated, ti smuplu of kuolimlc hom Singbhum, Tndm, was limit liioatod for 
S lioui'H . 1,1 f> 10 C, C»S2 ‘C and lO'O ’C onoh. The products of limit treat men I wore Wuiuinoil 
by the X-ray powdoi diffraction method and tin* resulting dilJ ruction put I cutis were Vompiuvd 
with Had ol tin* untreated numph*. it is observed Hull certain reflections bocamfi extinct 
while oortam olhor reflections diiuinisliod in intensity ns dehydration proceeded. Tlio loiiaiin- 
iii- rollon lions niaiiitaiiinil l lio saino mint ivo inlensil ics. In the first two stages. no now 
lellcctioii appealed noi any ono o( them had any increased intensity Tins bus boon mtcrpiclod 
as lining duo to l ho gnuhial collapse ol various pianos on aooouril ot dohydi at ion. In I ho thud 
stage, however, although ono of 1 ho rollooLions booaino oxlinot and several othois hcemiic 
diiuinisliud in inloiiHity, sovornl lellcrlious veie also increased in intensity. Those reflections 
corresponded to tlio strongest ictleolions ol mullilc indicating l ho foixnalion oi mullito at 
this stage, A hi end hand ol approximate spacing 4.17 A U also appoarod at t Ins stage indi- 
cating fho format ion ol lusod silica m 

J X r r B 0 D V (J T I O X 

Since the users of clays are get in ally interested in the products of heat 
treatment of days at high temperatures, the bulk of the studies ot heat 
treatment of clays have lenlred around the high temperature zone. X-ray 
(hriraelum studies ol the heat tr eatment of kaolin clays have been confined, so iur, 
mostly in the range S()0 L -1400 U C, llnme (1925), Jnsley and Ewell (1935), Jay (1939), 
Hyslop (1944) and Richardson (J951) studied by the X-ray methods the products ol 
heating kaolinite in the above range ami founrt that y-AJj.O.j appeared in the range 
90U n - 100°C, crystobahte and mullite at J 100°C and at 1400°C only nmllite remains 
Comfero, Fischer and Bardley (1918) have reported X-ray diffraction study ol 
kaolinite alter heat treatment at 525°C but have not drawn any definite eon- 
elusion from their studies. 

However , the results of the study of kaolinite with the differential thermal 
analysis method carried out bv Spiel, Berkelheimer, Pask and Davies (1945) shows 
a prominent endothermic effect at approximately 6U0°G caused by the dehydration 
of the mineral followed by an exothermic reaction at roughly 1000°C which cor- 
responds to the formation ol a now mineral. Ross and Kerr (1931) and Grim and 
Bradley (1948) presented a series of dehydration curves of kaolinite showing that 
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most of the dehydration takes place between about 400° to 525°C depending on 
the particle size. A small amount ol water was found to have been retained at 
525°C and this moisture was found to have been lost gradually upto about 750 g 
to 800°C when dehydration become complete. 

It seems, therefore, worthwhile from the X-ray crystallographies point 
ot view to investigate the structural changes involved when the process of dehy- 
dration has fairly advanced, when it is nearly completed and when it is fully 
completed. With this end in view, a sample of Singbhum kaolinite has been 
subjected to heat treatment at 510°0, «K2°C and J045 n 0 and the products exa- 
mined by the X-ray powder diffraction method . A preliminary report of the result 
obtained is given in this communication. 

IS XPEIUMJiNTAL 

Three samples ot kaolinite from vSinghhum, India, were heated in a platinum 
crucible in a controlled electric turnace continuously for eight hours each at 510°(\ 
082° 0 respectively. The products of this treatment were examined bv the X-ray 
powder diffraction method. The X-ray tube was run at 00 K V. and 10 ma. 
and had a copper anticathode. X-rays were passed through a nickel liltcr before 
they fell on the sample. The diffraction patterns were received in cylindrical 
cameras of radius approximately 5 cms. An untreated sample of kaolinite was 
also similarly irradiated with X-rays lor its diffraction pattern. The mterplanar 
dislances together with the relative intensities obtained with the help of Kipp 
and Zouen niiorophotoineter are shown in Table 1. 

1) IRCU ,S SLUM S 

A critical comparison of the different, diffraction patterns obtained experi- 
mentally (Plate VI) testify to » gradual change in structure of kaolinite as it is 
heated to higher and still higher temperatures. Tn the sample of kaolinite heated 
at f>10°0, the (001) plane is found to have vanished. In the diffraction pattern 
we find a very weak continuous scattering extending upto the ring correspond- 
ing to the (001) plane. The (021), (111), (201), (130), (134), (203), (241), (225) 
and (300) pianos are also found to have disappeared It can be concluded that 
ihese pianos are not apparent because of their relatively weak intensities. The 
(112) plane gives rise to a reflection ol‘ lelat-ive intensity 2 while the (021) plane 
gives rise to a reflection of relative intensity 4 and the reflection due to the (201), 
(150) and (130) planes is of relative intensity 8. In the diffraction pattern of 
kaolinite heat treated at 510°C, the reflection due to (112) plane has been recorded, 
while the other two reflections have not been. Obviously it can not be due to weak- 
ness of intensity of the reflections because weaker reflections have been recorded, 
It is therefore certain that these planes have ceased to exist because of the heal 
treatment. On the other hand, no new lines are found to have appeared. The 

0 
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TABLE 1 


X-Ray diffraction patterns of the products of heat treatment of kaolimte 
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relative intensities of some of the lines, however, am observed to have ohan^'il, 
The relative -intensity of-the lefleetiou liv (133 (1 J2) and (200) -planes in th& oi'i^inul 
sample js- 9, \vbemis-ni the-prodnel of heat l-rcal-mont. at f>-10°f! it heroines 4,. So* u- 
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larlv the relative intensity of the reflection due to (202). (lfll ), and (1 13) pianos in 
tlie origin al sample is 10, wheieas in the sample heal treated at 510°C it becomes 
4. The relative intensity of the reflection flue to (1T3) and (131 ) planes have also 
changed from 9 to 5 due to heat treatment It is intci eating to notice the fall 
in intensity at the various stages of heat treatemeut. The intensity of the re- 
flection due to (131), (112) and (200) plancH have changed from 9 in the untreated 
sample to 4 in the sample heat treated at 51()°3 It remains 4 for the sample 
treated at, 682°C and disappears for heat treatment, at 1045°0. The intensity 
of the reflection due to (202), (l3l) and (113) planes have changed from 10 in the 
untreated case to 4 in the ease of heat treatment at 510°C, again to 4 for heat 
treatment at 682 0 and to 2 lor 1045°O On the other hand, the intensity of the 
reflection due to (113) and (131) planes changes from 9 for the untreated ease 
to ' for heat 'treatments both at 510 f C and at <>82'’C and again to 9 for heat treat- 
ment at I045°0 This obviously coriesponds to the gradual collapse of the struc- 
ture m the first two stages of heat treatment while it points to the appearance of 
a new mineral at 1045°C. 

On account ol the heat treatment at 6K2 r 'C, there seems to have occurod a 
a further change with respect- to heat treatment at In this ease, the (112) 

and (022) planes have disappeared. The intensity of reflection due to (203) and 
(132) planes have diminished from 7 to 4, that duo to (240), (1 5T). (204) and (133) 
planes has altered from 8 to 5 and that due to (01.7), (124) and (124) planes has 
changed from 5 to 2, The intensity of the (106) reflection has also diminished 
from 4 to 2. 

Due to heat treatment at I045°C, the sample seems to have altered consider- 
ably A broad band of approximate spacing 4.17 A.U. appears in the diffraction 
pattern. This must be due to the formation of fused silica at this stage. Com- 
pared to the diffraction pattern of the sample heat treated at 6K2 n C. several re- 
flections have gained in intensity The reflections at 2.23 A IT , 1 50 A.U., 1.28 
A.U. and 1.24 A.U., have increased in intensity. These reflections together with 
the strong 3.50 A.U reflection form the first live strongest lines of mulhte. The 
increase in intensity of* these linos clearly points to the formation of mulhte. The 
remaining lines, however, have diminished in intensity. This Is due to the fact 
that the entire amount of kaolimte has uot- been converted to fused silica and 
mullite A portion of it still remains although with a collapsed structure. 

The crystallographic significances of the collapse of different planes a-t dif- 
ferent stages are Rtill under investigation. 

A r K X O W b K D OMEN T 
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BRANCHING RATIO FOR SLOW NEUTRONS 

MADAN LAU, 8EHGAL 

T)jfiT*ATW’ftIENT rtjf PHVMICH. MUSLIM I'NIVKHSm , \lil€i Alfll 

(Jtfreuwil fat jmbliration , Febrntny 1957) 

ABSTRACT. A study of slow m nitron mu lion with B>° Iiuh been made wilh lil<a 
proporlionnl counters. The rolntive pi obn Inlily ol’llir reactions B ,n ( 11 . «) la’ and B 10 
(a, a) Li* 7 is determined by covering the counter with and without cadmium cap. 

A study of the reaction of slow neutrons with boron is most important 
in neutron shields. As reported by Ajzenbenr and Lauritsen (I 052). Um 
first level of Li 7 is at 0.478 Mov from its ground level B^ggild (1045) found that 
the value of the relative probability of* the two reactions B 10 (w, a) hi 7 1111 d 
B 10 (», at) Li* 7 is fi.25 per cent. Hanna (1050) has ipported the value of the 
branching ratio, that is the probability of the reaction going to the pound 
state as 5.8 per cent. Oner and Loiichanip (J051) from the observation ol more 
than thirty thousands tracks in nuclear plates have reported the value ol the bran- 
ching ratio as 4.2“ per cent Rhodes, Franzen and Stephens (1052) from the study 
of the ionization produced bv the recoil particles of transmutation B J0 (n, °0 Ll' 
have found the value of the branching ratio as 0.0 per cent. Owing to the 
difference in value of the branching ratio reported for slow neutrons its study 
was thought worth while. 

Special attention should be paid to the const rnct ion of BJy, proportional 
counters to study the reaction B l0 (w, ol) Li 7 , Li* 7 The counters employed in this 
study have internal copper cathode of L. 35 inches in diameter with tungsten \ui e 
anode of 0.003 inch diameter. After roasting the counters at 250 (> for two 
hours and removing the impurities from normal boron tritiuoridc gas (IS S% B l , 
81.2% B 11 ) by fractional distillation, the counters were filled at different prcssuics 
of Bl\ and argon (spectroscopically pure). A large pressure of BF., is desirable 
for high counting rate, but it is found in the piesent case that the pulse height 
resolution decreases as the pressure of BF., increases. Tin- half-width of the peak 
due to B 10 (w, a) Li* 7 reaction for counters filled with a pressure of 14.1 cm of Hg 
of BF 3 gas plus 5.4 cm of Hg of argon, and 35.6 cm of Hg of BF., gas plus 16.fi 
cm of Hg of argon are 68.2 K.ov and 254 Kov respectively. Also it is obseivcd 
that the plateau length increases as the pressure of BF., gas is decreased. The 
spread in pulse height distribution curve may be due to several reasons. When 
no impurities, like silicon tetrafluoride. hydrogen fluoride, etc, are present in BF a 
gas, that is when no election capture and negative ion formation takes place, the 

pulse size should be independent of the distance of the track of a-partu le for 
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maii on from the neutral wire. In practice it is difficult to remove completely all 
the impurities from "BF it gas, hence there will he some inherent spread in pulse 
height distribution curve which is due to slight impurities present. The end effects, 
eccentricity of the anode wire, and the presence of some dust particles sticking 
on tlie central wire will all increase the spread in the pulse si/e distribution curve. 
The last effect was removed hv flashing the central wire before tilling. 

The geometrical arrangement of the neutron source and the counter used m 
the experiment are as follows Slow neutrons were obtained from (Ra-Be) source 
placed inside a howitzer A cylindrical lead piece of 5. OS cm in thickness and 0.34 
cm in diameter is placed in the path of the neutrons inside the howitzer to keep 
the gamma ray flux minimum A cylinderieal paraffin block of diameter 6.32 
cm and length 5 cm which acts as a moderatoi lor fast, neutrons is placed )u|st after 
the load block. The counter was placed in a cadmium tubing with axis parallel 
to 11 ic beam. \ 



Bws w volts > 

mg. J. I'ulsc height distribution for slow noution disintegration of boron , when the front 
faeo of tho counter was covered with a cadmium cap. 
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The differential pulse height distribution curve lor counter lilled with a pres- 
sure of 14.1 cm of fig of BF a , gas and 5.4 cm of Hg of argon is shown in figure l. 
The two peaks arise from transitions to the excited state and the ground state 
of the lithium nucleus Accoiding to Cranshaw and Haivey (1948) the position 
of a peak is fixed by drawing the central line of the distribution. The Q value 
of the reaction leading to the excited and ground state is 2. HI Mev and 2.79 Mev 
respectively. The branching ratio is found equal to 4.0-±4hlG per cent. When 
the front face of the counter, which points towards the beam, is covered with a 
cadmium cap the branching ratio increases to 4.H J-0. 15 per cent. Know ing the total 
cross section for B ln (w, a) reaction and with the help of the branching ratio for the 
same energy neutrons, Ihc cross sections for the individual reactions B li \n.oc) Li* 7 
and B l0 (w, a) Li 7 respcctiv ely can be determined. 

A ( ' 1C M O VV L 10 1) C! M B N T S 
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6. INDUCTION DRAG 

lv. I\ CHOPRA 


(Becetned for publication January Id, 1051) 


Tlio problem o( induction drag of a sphere of infinite electrical conducti- 
vity moving in a couduclmg fluid, in the presence of a uniform magnetic field 
has recently been considered. (Chopra, 1 9,1(1) The author wishes to point out Uic 
change in the expiessions, d it is assumed that the sphere is of finite electrical 
condiu I iv itv. 

Consider a spheie of Unite and constant electrical conductivity er' moving 
in an incompressible and inviseid fluid of electrical conductivity <r . It is assumed 
that a uniform magnetic field // is originally pi evident throughout the fluid. 
Then the magnetic held inside the sphere is given by 




' 


n „ 


U) 


(the lines offeree being parallel to //„), while the magnetic field outside the sphere 
is muddied to the extent as if a dipole of moment of 


v - 



(*) 


with the dipolar axis parallel to 7/ (J , were placed at the centre of the sphere. Here 
ft is the permeability of the sphere, and the surrounding fluid is assumed of uni l 
permeability The expressions for induction drag can he obtained by following 
Chopra, (19,10) 

(i) Translational Induction Dray. If the sphere moves with velocity 
v in a direction inclined to the dipolar axis at an angle a. the induced electric 
currents are 


>' -U ■ W (-£) «■»““ 
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inside the sphere, and 

-"'•fcy :i:>- 

:;r;r - „ . 

*""'(•«) "•'■’I !K)™‘-'rV i»;ihw.i]. ... 

It is evident that there are nn 

parallel to H u 111,10,1 H t,le ' s l )ller(J when r is 

'i :::::^r::cz r r “« 

i:;::, 


1 H 21 r 

' vl,,lp outside the sphere the eurreiHs is 

l C (T // I \ tt l M . . 

' " “ (/TO j (V 11 •*'"*<" 

", l ' l,,ar ,r !’ m ((i) /' indqieiulcnt „| // Finally. the 

opposing induction monienl i) is given by 


... Ml) 


( 7 ) 




<«) 


The, expressions (ft, „„d (H) are also xubjeel to the lm.,tat,„„s thseussed in the 
earner paper (Chopra, 1956) 

HBFEEKNC E 

('liopi-ft, K. I\. hul. J Phy # 30. (Jdfi. 
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7. DIPOLE MOMENTS OF TRI SUBSTITUTED BENZENES 

PART III 


D. V. G. L. NARAkSIMHA RAO 

Physics Department. Andhha Univeksity. Wai/taiii, 

(Received jor publuuiioh. Mutch 1 i), 1 0. r >7 ) 

Jii continuation of the author's previous work (Rao, 1 050, 57) on trisuhsti- 
tilted bonzenes, the dipole moments of four other similar molecules are reported 
in the following table. The observations are carried out m benzene solution at 
30° 0. The calculated moments are also listed along with the observed \ values. 
The agreement between the calculated and observed values is satisfactory 


TABLE 


Uompouml 

H ob.sc ‘1 v ud 

/* rnlculutml 

2 Nitro wi-xyloiit' 

3 30 D 

3 40 

2 Nitio yi-xyhmn 

1 06 

4 OK 

-1 Nilro o-xyJom* 

4.K2 

4.67 

4 Nit ro Hi-xvlcnc 

4 40 

4 34 


Full details will be published later. 

K K ¥ E K ENU.fi! K 

Nnrnmmhn Kuo, D. V (S L., I !);>•», Jnri J Phy# . 30, 5H2. 
l!)f>7, Tbid., 31. 00. 
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[RELAXATION SPECTROMETRY — By E. II. Richardson. L J p. l-vm -|- 140. 

North Holland Publishing Company. Amsterdam, 1957. Price 20 guilders. 

The title of this book would suggest that it- might deal with the methods of 
analysing spectra of relaxation. Actually, liouevei, il describes the methods 
ot determining the acoustical ti equencies at which different materials exhibit 
maximum internal losses or relaxations. Starting from the Maxwell's equation 
connecting stress and strain in a viscous body the author first describes the ex- 
perimental results which verified Maxwell's law' ot relaxation. The rc taxational 
behaviour is then illustrated with the help of two n odcls Next, the methods 
of denying internal friction in solids and liquids in the sonu range are discussed 
m two chapters. The occurrence of relaxation m the ult rasonic spec trum produced 
in gases and litpiids is then demonstrated with 1 lie help of a large number of pub- 
lished experimental results and in another chapter the partial iransfoimation of 
a particular mode in the lilti asonic range excited in solids to other tvpe.fi of vibration 
has been discussed in detail and the relaxations observed in this range in solids 
have been summarised. 

The seventh chapter is devoted to a short, discussion on theory and measure- 
ment of relaxation in dielectrics during propagation of elect lomagnot-ic waves 
through them and to a comparison between this relaxation and ultrasonic relaxa- 
tion The last ohaptei deals with the dilmeatioii of relaxation spectra with 
the help of Cole and Colo plot of impedance in analogy w ith the case of complex 
dielectric constant, and implications of the spectra arc also discusser! from theo- 
retical point of view 

The book thus deals with results of a very highly specialised line of research 
m which the author himself has made valuable c ontrihutions. As the discussions 
in each chapter arc supported In a list of references, the \olume w T ill be a valuable 
guide to worker* m ultrasonics. The price, however seems to Vie a little exhorbi- 
tant 


S.0.8. 


I ’ll OGRESS IN COSMIC RAY PHYSICS. VOLUME TIT. Edited hv d. G. 
Wilson, Pp j-xii -f 420 with 1(5 plates, North Holland Publishing Company, 
Amsterdam, 1956. Price 38 guilders. 

This third report on Progress in Cosmic Ray Physics is divided into four 
lung chapters contributed by four different authors. The properties of extensive 
f*u showers including its number spectrum, its variation with altitude and time 
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and also the nature of primary energy .spectrum have been discussed in great detail 
in Chapter I by K. Grcisen. The experimental results on charged K-mesoiiK 
and hyperons have been discussed by H S. Bridge in the second chapter Five 
beautiful plates have been included in this discussion, In the next chapter, R. W', 
Thompson has discussed the decay processes of heavy unstable neutral particles 
and lias included ten representative photographs of cloud chamber tracks m this 
discussion. Tn the last chapter, G. Pnppi has dealt with the energy balance of 
cosmic radiation, taking into consideration the meson component, the election- 
photon component and the nucleonic component at 50° geomagnetic latitude 
Important results obtained so far bv previous authors in these lines of research 
have been compiled earefulh and presented with utmost precision in a largo number 
of tables. The theoretical implications of the results have also been’ discussed 
in all these chapters. There is a long list of references at the end of eao|i ehaptei 
This volume is meant for ac tive workers in cosmic rays and nuc loat physic 
Such workers w ill no doubt he immensely benefited by the huge store of information 
collected from authoritative sources and embodied in the four ehaptei s mentioned 
above The get-up is excellent and if the number of figures and plates and the 
quality of the papei are taken into account the price seems to be moderate 1 . 


s c s 
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CHARGE TRANSFER REACTIONS 

S. N. GHOSH AND W. F. SHERIDAN 


OaMUHIIMJK IilSMlSARfll (IjSNTJtH, BOSTON, JVIaHR , U.S, A. 

Received for publication, December 3 f 1051) 

ABSTRACT. An unproved mot hod for doUumming Hiurgo transfer cross Hortions has 
buen uppbod to symmetric mid unsymmoliic reactions for a Urge number of gases. This 
method shows higher crons suctions than the onus originally reported, and also thnt the variations 
in cross suctions between 1 50 and 800 ov ion onorgy are small . Unsymmetnc reactions having 
nearly equal ionization potentials for the ienctmg particles have been found to possess the 
character of a symmetric charge transfer reaction, Certain other unsymmetric reactions wore 
found to pohsoss tho same character even though the ionization potentials are not equal. 

Thu method has been utilized to determine secondary election emission from a baotnl 
mu face by ion bombardment. Relating the variation of emission from a brass plate with the 
ion mass and energy, it is found that the emission vanes inversely as the square root of the ion 
mass and directly with tho oneigy ol ions. 

Data for charge tiunsfer cross sections have been applied to certain upper atmospheric 
phenomena . 

1 . INTHODUC T I O N 


A charge transfer process, A 1 -|-B— »A-f 13 l_ , or a similar reaction involving 
negative ions is one of the several types of inelastic collisions that can occur between 
a , "ion and a, neutral atom or molecule. These reactions have two characteristic 
features which distinguish them from other inelastic reactions (c.g. ionization, 
excitation) involving these particles, namely: 

(1) A charge transfer reaction can take place oven when the incident ions 
have very small kinolie energy, for H tho particles involved m the reactions are 
in the ground states, the change of energy in the reaction is just the difference 
bet ween the ionization potentials of the reacting particles. 

(2) In a charge transfer reaction very small momentum transfer takes place 
between tho incident ions and the bombarded atoms or molecules. In fact, it is 
found experimentally that newly- created ions have energy muih e 

volt even when the incident ions have energy of several kev. Hence the kinc ic. 
energy of the neutralized ions is usually much larger than that of the charge transfer 


UJHO, 

Systematic studies of charge transfer reactions involving ma "^ 
loins have reccntlj'' been undertaken by several invcstigatoi s (Hastec , ’ ‘ 

lord and Hasted, 1055; Lindholm, 1951; Potter, 1954, Dillon et al 195..; Massey, 
1949). These studies have been carried out both from the experimental and them 
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retical points of view. Experimentally, tlio cross sections for charge transfer 
reactions and their variation with the ion energy have boon determined. How- 
ever the experiments are confined mainly to the inert gases. 

Concerning the theoretical investigation, it has been found that the adia- 
batic hypothesis satisfactorily explains those reactions in certain atomic and mole- 
cular cases. Even then, many simple cases, for examplo the (H + , H 2 ) reaction, 
cannot bo explained in terms of this theory. 

It is thus apparent that more information about the charge transfor process 
is needed. In this article, the experimental studies of the charge transfer process 
and its application to upper atmospheric phenomena will be described. 

2 . P E 111 M E N T A L M E T J1 O 1) 

As mentioned in the introduction, due to the small momentum transfer bet- 
ween the incident ions and tho bombarded atoms or molecules, the kinetic energy 
of the neutralized ions in a charge transfer process is usually muoh larger than 
that of the newly -created ion. This fact permits identification of the charge 
transfer ions experimentally and enables one to determine the cross section of 
such a reaction. 

One method of measuring charge transfer cross section is to compare the 
number of ions due to charge transfer with those of the primary beam. This 
method has been greatly improved by Hasted (1951, 1952). In fact, it was this 
method with certain modifications which was used by the authors. The experi- 
mental set-up was as follows: (Ghosh ami Sheridan, 1957) 


COLLISION CHAMBER R. F. MASS SPECTROMETER 
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A modified r.f. mass spectrometer provided a collimated beam of ions of vary- 
ing amounts of energy. The spectrometer was attached to a collision chamber 
in place of the original ion collector (figure 1 ), The collision chamber contained 
three pairs of semi- cylindrical brass plates with electric field between the plates 
of each pair. The first pair of plates served as guard ring and the second and third 
as collectors of charge transfer ions and incident ions respectively. In the pre- 
vious experimental set-up (Dillon ot al, 1955) one long semi -cylindrical brass 
plate had been used. By replacing this brass plate by three plates, the apparatus 
became more versatile. In particular, it afforded separate measurements of the 
positive charge due to charge transfer, the secondary omission from the Faraday 
chamber due to ion bombardment, as well as their net charge These currents 
were measured by means of vibrating reed electrometers. 

Since the secondary electrons emitted from tho Faraday chamber due to 
incident ion bombardment might have sufficient energy to overcome the field 
across the plates and reach the charge transfer plates, cross sections determined 
by the net charge measurement were subject to error. In order to avoid this error 
the positive charge collecting on one of tho charge transfer plates was measured. 
As a check, the negative charge and the net charge wore also measured. It was 
found that the positive charge was essentially equal to the not charge plus the 
negative charge (Ghosh and Sheridan, 1957). 

It should be noted that the greatest source of error in a charge transfer cross 
section is the determination of pressure. In the operating region of an r.f. mass 
spectrometer, (usually betweeu 5xl0~ l to fixKH nun Hg) the McLeod gauge 
does not give accurate results. Furthermore, it cannot he connected close enough 
to the spectrometer. In order to minimize the error m pressure measurements, 
two gauges — an ionization gauge (type VG1A) and a McLeod gauge having a 
capillary tube of 0.717 mm inner diameter and a bulb of 602 cc capacity — were 
used, and the arrangements were made in such a way that the spectrometer tube 
was not in the line of flow of the gas. Figure 2 shows the position of the spectrometer 



t\ r . 2, Position of the spectrometer tube with roepect to tho ionization and McLeod 
gauges* Note that tho spocti omotor tube is not in tlio line oi iloa of the gas. 


tube with respect to the two gauges and the sample bottle. The gas was 
diffused into the spectrometer tube so that the pressure at the spectrometer tube 
(recorded by an ionization gauge situated in the vicinity of the spectrometer 
to be) was the same as that at the position of the McLeod gauge. 
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For symmetric charge transfer reactions (X^-J-X— ► X+X+), usually desig- 
nated by (X+, X), the cross section in units of cm” 1 is calculated from the expres- 
sion: 


Q = , 


h 

Ju+h 


... (1) 


where, 

l — length of the surface on which charge transfer ions are collected 
p = pressure in mm Hg 

I x — charge collected at the charge transfer surface 

I c — charge collected at the Faraday chamber ; 

It is to be noted that Eq(l) is a particular case of the more general formula for a 
gas mixture [Ghosh and Sheridan, ] 057 1 . ' 


n 


Y?' p ^ 


1 

i ' /.+/; 


( 2 ) 


where and P,- arc the cross section and partial pressure of the i-th gas compo- 
nent. 

For the unsymmetric reactions (X++Y— > X+Y+) designated by (X+, Y), 
the cross sections were determined from Eq (2). In such cases, gases were usually 
mixed in the proportion 10:1 (the gas forming the incident ion being in the lowei 
proportion.) 


3. EXPERIMENTA L R E S U L T S 

It should be remembered that a great deal of information concerning charge 
transfer reactions can be obtained by observing the variation of cross sections with 
ion energy, instead of determining the cross section for a particular energy. In 
fact, if the ion energy for which the cross section is maximum is obtained, then 
by assuming the adiabatic hypothesis, the energy defect of the reaction, and lienee, 
information about the state of the reaction products can be obtained. Another 
method, which lends itself more readily for tho interpretations of experimental 
results, is that in which the reaction products are analysed. However, in our 
present experiment, the reaction products wore not analysed and the observation 
was limited to an energy range of 100 to 800 ev. 

4. CHARGE TRANS F E R CROSS SEC T l O N 8 FOR 
SYMMETRIC REACTIONS 

The observed cross sections for symmetric reactions involving inert gases; 
diatomic gases H 2 , N a , Cl 2 , CO, NO; and jiolyatomic gases C0 2 and certain hy- 
carbons are given in figures 3 and 4, In our investigation, the cross sections tor 
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beam energy less than 100 ev was not determined because of the uncertainty 
concerning the plateau in the saturation curve. (Ghosh and Sheridan, 1957). 

The cross sections are about 20 per cent higher than the values previously 



Fifr, 3. Symmetric charge tranafei vutm sect, ions for the mort gases and diatomic gases 
II., , N 2j CI Sl CO and NO. 

reported. (Dillon el al , 1955). A plausible explanation for this discrepancy 
is that in previous experiments, cross sections were determined from net charge 
measurements which did not take a full account of the secondary electrons col- 
lected at the charge transfer plate. This explanation is supported by the tact 
that the discrepancies were greatest for the light ioi.s for which the secondary 
emission was large. 

A second experimental result is that in contrast to observations made in the 
previous investigations, very little variation in cross section for inert gases and most 
of the diatomic gases for beam energy between 150 and 800 ev has been detected. 
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It is to be noted that the cross sections for hydrocarbons are low and increase 
with beam energy. This latter fact was also exhibited by NO and CO a and may 
be a consequence of the fact that newly-created ionB are dissociated during the 
process of transfer of charge. 



Ion onorgy (volts) 

Fig 4 Sy/nmoliir tshnrgo Iranafoi 1 cross suctions for CO •> and hydrocarbons. 

5. UNSYMMETRIC CHARGE TRANSFER KEACTIO N— 
SYMMETRIC CHARACTER IN UNSYMMETRIC 
REACTIONS 

Cross sections for the unsymmetric reactions At, N 2 ), (A+, H 2 ), (N + 2 , H 2 ) 
and their reverse reactions were determined. These gases have nearly equal 
ionization potentials and hence possess small energy defect A E. Therefore, 
according to the adiabatic hypothesis, maximum cross section should occur at 
low ion energy and then decrease with increasing energy. In other words, these 
unsymmetric reactions should have symmetric character above a certain small 
ion energy. 

Figure 5 shows the observed cross sections, indicating maximum cross section 
at low ion energies. The increasing cross sections with ion energy beyond 400 
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ev for reactions (N 2 + , A), (H 3 H , N 2 ), and (H a +, A) may be explained as being due 
to the formation of excited states. For example, in the last two reactions H> 
ions may be formed in the anti-bonding state leading to dissociation of the 
the H + 2 ion into a proton and a hydrogen atom. This view is supported by the 



Ton imorgy (\oll,s) 

Fig .'i. Charge trunsfei oiosm hocIiohh foi die unsynmipti i<- louefcion.s (A+, Nm), (A+,Hn), and 
(N 2 + , Hj) unri ihoir reverse mictions 

observation of a second maximum at 5000 ev for the reaction (H 2 ', A), (Stede- 
ford and Hasted, 1955). 

The interaction distances a were computed from the relation C ~f~ ~ i 

where v is the velocity of the ion, and were found to have values between 9 and 
13 A. 

It was found that misym metric reactions can have symmetric character 
even if the ionization potentials of the reacting particles arc not equal. In fact, 
it may be hypothesized that if the neutralized ions or tho newly-croated ions are 
excited to proper energy lovels or dissociated and at the same time excited so that 
the enorgy defect becomes equal to zero, ail unsymmetric reaction will behave 
as a symmetric one (Ghosh and Sheridan, 1956 a, b). We shall now present 
certain observational facts and shall interpret the results m the light of the 
above hypothesis. 
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In figures 6(a) and 6(b) charge transfer cross sections for the reactions (A + , NO), 
(A', 00), (A+, OOj), (A+, 0H 4 ), (A+, 0 2 Hj) and (A H , O a H 0 ) are given. It is seen 



Jon energy (volts) 

l<’ig. 0(fi) 

that these reactions have symmetric character indicating that energy balance 
has been obtained either through excitation or dissociation of newly-created ions 
(the neutralized argon ion cannot bo excited as the first excited state of A has energy 
of 11.6 ov which is very large compared to the energy defects of these reactions). 
The reverse reactions do not possess a symmetric character. 

0. SECONDARY ELECTRON EMISSION BY ION 
BOMBARDMENT 

The method described above can be utilized to determine the secondary 
electron emission duo to ion bombardment of a metal surface. Data for secondary 
electrons emitted by an electropolished brass surface due to ion bombardment 
have been obtained. (Ghosh and Sheridan, 1957). 
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It should be noted that the secondary electron omission depends on the mass, 
charge, energy and electronic configuration of the incident ions. Furthermore, 
the emission depends on the physical and chemical composition of the target as 



Ion energy (volts) 


Fig. 6(b). Charge transfer cross sections for the unsymrnetrin reactions (A+, NO), 

(A+, CO), (A+, C0 2 ), (A+ CH*), (A+,C a U<), and (A+, C 2 H 0 ) and their reverse reactions. 

well as on the angle with which ions are incident on the target. In our experiments, 
the ions were singly charged and for high energies they were incident essentially 
at right angles to the brass plate. 

The secondary electrons for 100 ions bombardment at different energies is 
shown in figures 7, 8 and 9. Two facts are predominant from the figures. 

(1) For beam energy greater than 300 ev, the secondary electron emission 
is a linear function of the ion energy. In fact, this linearity extends to even 
2 
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lower beam energies for light gases. Tlius for H a and He, the linear rise i B 
observed even at 50 cv. 



fig. 7. Variation of .siuomlnry eject mn cmihriion wilh llio energy of ions (of ineit gnst->) lor 
100 ioiih bomhtudmeut. 

(2) For a group of similar gases, the slope of each curve decreases with the 
mass of the ion. For inert gases, the slope varies from .12 elec/volt to .03 
elec/volt; for hydrocarbons and 0 0 2 between .10 and .00 elcc/volt. The slopes 
for the diatomic molecules are between .14 and .025 elec/volts. 

It is found that the relation 

aV 

y — 225 ev < V < 800 ev. 


where 

y = electron emission for 100 ion bombardment 
V — energy of the beam 
M — mass of the ion. 
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The deviation of the computed values from the experimental data is seldom in 
excess of 7 percent, which is well within the scope of experimental error. In 
general, the maximum deviations are within 20 percent. 



Ion onergy (volts ) 

Fig 9. Variation of secondary electron omission with the energy of ions (of C0 2 find of 
hydrocarbons) for 100 ions bomdardment. 

7. APPLICATION TO UPPER ATMOSPHERIC PHENOMENA 

Concerning the importance of charge transfer process in the upper atmosphere 
it Bhould be noted that symmetric reactions occurring within the ionosphere art* 
trivial since no new ions are formed. Furthermore, since ions in the ionosphere 
have energies of a few tenths of a volt and since during electron exchange very little 
exchange of kinetic energy takes place, it follows that there is only a small differ- 
ence of kinetic energies between the original and the newly-created ions. How- 
ever, such reactions may still be significant for aurora, because, although the 
incoming charged particles from the sun have largo energy, the newly -created 
ions have Bmall energies. 

For unsymmetric reactions occurring within the ionosphere new ionH are 
formed, which unlike aurora, have practically no change of kinetic energy. 
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Thus, due to chargo transfer, ions which are not originally produced by the ultra- 
violet rays of the sun are formed in the upper atmosphere. These reactions in- 
crease the heterogeneity of the upper atmosphere because ions of the same atoms 
or molecules but with different kinetic energies may be present in a layer. 

Assuming that the cross section lor a charge transfer reaction for energies 
between 50 ev and 40 kov and at a pressure of 1 mm Hg is 10 cm -1 that is, 2.81 
X 10 -10 cm 2 , the coefficient of the reaction for pi olous of velocity 5xlO B cm/scc 
becomes 1.4 XlO' 10 cm 3 /scc. (At low energies, the coefficient is much larger. For 
instance, Ziegler (1953) has found that for symmetric reactions involving inert' 
gases at thermal energies the coefficient is between 2.5 x 10~" and 5 x 10~ 9 cm 3 /sec.). 
Therefore, the coefficient of a charge transfei reaction is much smaller than that 
of a dissociative recombination whose value is 10~° to 10' 7 cm 3 /sce. On the other 
hand, the rate of a charge transfer reaction is much larger since it involves neutral 
particle density. A comparison of the rates of collision al process in regions 
X), E, and F of the ionosphere shows that the charge transfer rate is much larger 
than any other eollisional process in the upper atmosphere (Ghosh, 1950). If 
the charge transfer reaction occurs m the forward direction only, all the ions 
formed from ultraviolet rays will he chauged to another ion in loss than one 
second . 

Considering the F-region, it is found that except for the reaction O 4 ( 4 S)+ 
H( 1 S)— >0( a P) +H+, the values of E u , for which the cross section is maximum, range 
from several hundred to several thousand volts, and because the energy of ions 
in the ionosphere: is only a few tenths of a volt, the probabilities of these reac- 
tions are low. Due to this reaction, the 0+ ions in the F-layer will be neutralized 
by H-atoms. However, the opposite reaction, namely H 1 ions being neutralized 
by O atoms is less probable since it involves two processes. The charge transfer 
processes can take place only after O atoms deliver their kinetic energies to HD 
ions. Because /(O) < 7(N 2 ), the other process of removal of O 4 ion the F-layer, 
namely* O' 1 -f N 2 f — »0-|-N 2 + , has a small probability unless 0* is man excited 
state. 

It can be shown by means of the following two equations, 

(1) o++0 2 ->0-MV. 

(2) 0/+e->0 # +0" 

that it is possible to derive both the ratio of the oxygon atomic ion to the oxygen 
molecular ion density, and the effective recombination coefficient for the F-layer. 
hi addition, it was shown by Nicolet (1954), that the reaction (1) can be a possible 
source of excitation of the green auroral lines of the air glow. The ratio of 0+ 
to 0 2 + in the F-region and the effective recombination coefficient were found to 
He about 10 a and 5 X 10~ 10 cm 3 /sec respectively, (Ghosh, 1956). 
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Considering the charge transfer jirocess in other ionized regions, it is found 
that the reactions have high energy defects and hence low probability of occurrence 
under ionospheric conditions. 

With regard to charge transfer reactions between ions from the sun and the 
upper atmospheric gases, it is to be noted that as the ions penetrate the atmosphere 
they first ionize, dissociate and/or excite the colliding atmosphoric gases and when 
they have moved deeply into the atmosphere and have sufficiently slowed down, 
charge transfer reactions take place. Jn other words, as the incoming particles 
penetrate into the atmosphere, the following reactions occur successively : 


X++Y->X ' | Y++c 

(1) 

X++Y— ►X'-l-Y* 

(2) 

X++Y-+ X+Y+ 

(3) 


In order to penetrate to auroral height (100 km), a proton must have an ini- 
tial velocity of 10 1 km /sec, wheroas an electron of the same velocity, because of 
scattering effect, can penetrate only up to 170 km. Since the charge transfer 
process becomes important when the energy of the* particle is less than 1 kev. it 
follows that the rate of occurrence of this process is highest at the auroral heighls. 

Table IT shows the charge transfer reactions that may occur between II' 1 ions 
with the atmospheric gases, their energy defect A E, and the energies E ti of the inn- 
incident ion which makes aAEjhv — I, wlieio a --- 7 \ 10 8 cni k It should be 
noted that, for the reaction (3) A E is very small The probability of the reaction 
is low in high regions of the atmosphere because the incoming protons have high 
energies before entering the atmosphere However, it increases as the protons 
penetrate deeper into the atmosphere and has a large value when these protons 
have lost practically all of their energy m collisions with the atmospheric gases. 

In adddition to (1), the following reactions may take place . 


TABLE II 

Tliargc transfer reactions between H 1 ions and atmospheric gases 



lionet ion 

Al£(ov) 

Ba(ov) 

(I) 

H+ | tf a (i 2 )->U(tS) + N a +(=:s) 

— 2.05 

049 

0) 

H+ -h N(«H)-> H + JHpP) 

-0 95 

140 

(3) 

H+ + 0(T)-»H + O+(iS) 

0 02 

0 08 

(4) 

H+ + N fl (3S)->H + N„i(iS) 

8 41 

10,874 

(• r >) 

H+ f () 2 (32)->H I-O.+PU) 

1 . 33 

272 

(«) 

Hi- + Hn(is)->H-LH 2 -rps) 

-1 81 

503 

(7) 

H+ + H— >H-l H+ 

0 

0 
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H++N,->H*+JV (la) 

->H 4 N a +* (lb) 

->H*-|~N 2 +* (lc) 

Reactions (la) and (le) might lead to the excitation of the Ha, H/?, and Ky 
lines of the Balmor scries of hydrogen (the presence of these linos has definitely 
boen shown to exist in aurora). However, due to the large energy defect, A 2?, 
the region of maximum occurrence of these reactions is located much above the 
auroral height. The reactions (lb) and (lc), of which (lb) occurs at the lower 
height, would lead to the excitation of the first negative bands of N+ 2 and might 
explain the increased intensity of N+ 2 bands with height (height effect). 

In Table Til, the charge transfer reactions between 0a+ ions and the atmos- 
pheric gases, their energy defects, and the values of E„ are collected. 

To estimate the intensity of the first negative hands of N 2 + ions excited by 
reaction (lb) , we note that the density of proton streams near the earth’s atmos- 
phere is about 20 ions/co. Assuming the charge transfer process is alone 
operative, stream velocity of 10 8 cm /roc, and charge transfer cross section of 
10 cm -1 , it can he shown by a simple calculation that even for a thin layer of 
10 km thickness, few ions can pass out. of the layer Tn other words, the rate 
of production of excited N + 2 ions is 2 x 10° ions per cm 2 column per sec, which is 
sufficient to produce a strong aurora. 

No data concerning the penetration of Ca 1 ions through air is available. A 
rough estimate can lie obtained from the penetration of a-particles through 
air It is found that in travelling a distance ol l cm through air at S.T.P. an 
a-partiele loses about 1 Alev energy. Assuming the penetrating power of 0a+ 
ions is ten times greater than that of a-particlcs, it- follows that these ions can pene- 
trate to an altitude of about 80 km. 

TABLE 111 

Charge transfer reactions betw een Ca 1 ions and atmospheric gases 



Reactions 

&E(ev) 

ifa(er) 

(1) 

C a +(2S)-hN 2 (iS) -> C'aOSH-N bt( 2 2> 

-9.47 

.747,159 

0!) 

CV- l-NCS)— ►Ca+N+CP) 

-8.37 

427,431 

(3) 

Ca+ + O(aP)— ►C u + O+PS) 

-7 4i 

337,087 

(H 

C a + + H(iS)-> C ft -|-H+ 

-7.42 

335,885 

0>) 

Ca+ + Na( 2 S)-4C !l -l-Na+( , «) 

0 9!) 

5 980. 

(G) 

Ca t f OjjCS) -4Ca+0 3 +Cll) 

— 6.09 

220,276 
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In the reactions of Table III, the energy defect is large, and therefore they 
have maximum probability before the incident 0a + ions have lost all their energies 
in collisions with the atmospheric gases, i.e., above the altitude of 80 km. 

As m the case of reactions involving protons, the neutralized incident calcium 
ions or the newly-created ions or both (Table IIT) may be excited. As regards the 
Ca line between excited states and ground states, it may be noted that there is 
an intercom binatiou line, 3 P 1 - I S 0 at AG573. In the blue ultraviolet region there 
is a strong permitted line A4227( 1 P 1 - A S 0 ) of Ca, and in the ultraviolet region, 
there are three lines of Ca namely A2735, A2722, A2399 which arc obscured by the 
ozone layer. A search into the auroral spectrum shows that the line A6573 may 
be hidden m the high background (as shown in the micropliotomcter (tracing) 
in the vicinity of Ha line. Also, there arc two linos at A4223 and A 42 30 which 
are thought to he JSII and 1-2 hands of the first negative system of N 2 + may 
be that these lines are actually Ca lines. > 
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Plato VII 


ABSTRACT. Tbo crystal structure of p-mt i oanilinc at 90 l, K has boon minvostigaled 
using Dohyo-SrheiTor method . The cell dimonnions u =■ 12.1(1 A.V , l> — (3 0(1 A.U., c — 
S.H06 A.U., and p 93° 16' are found from the pattern The coefficient of expansion on 
iu the direction making an angle 40 r 2' to the rt-nxis m the range 90°K to 30 TK is found to 
bo 1 40 X 10 -1 which agioos with the vulue ieported by Mckoown <t al (J5W1) The coefficients 
„f expansion along the three crystallographic axes a, b and r are found to be 70.16x10-", 

- 16 00 X l(T° and 70.60 X J(J-« respectively The unit cell dimensions ol the crystal at 301 "K 
deduced from the pattern aro almost the same, as those icpoited by Abrahams and Rabeitson 
(l‘H8) oxcopt (Jiat b 6 04 A IT. instead of 6.02 A.IJ. reported by thorn It is pointed out 
that the slightly huger value for 6 and the smiillei values fin a and c ut 00 ’K mdioato the 
existence of strong iiitermoleculnr forces which mcrouso at 90 U K and turn the molecules a 
1 title in the unit coll as pointed out by previous workers, and that it is dosirablo to redotermme 
fho positions of the atoms in tlio unit coll at 90 C K as woll as at 301 K. 

INTRODUCTION 

The crystal structure of p-nilroaniline at the room temperature was first 
determined bv Prasad and Merchant (1938), who studied the rotation photo- 
graphs of the crystal about a, b and c axes and reported the unit cell dimensions 
of the crystal as 'a = 15.31 A.U , 6 - 6.085 A.U.. c - 8.C3 A.U., and/J- 126°11'. 
They found that the erystal belongs to the space group ol C 2j 6 . Abrahams and 
Robertson (1948) studied the intensities of reflection from different planes of the 
crystal by using a moving film camera. Assuming the glide to be along the diagonal 
axis instead of the c-axis, they found the dimensions of the unit cell to be a = 1234 
±0.02 A.U., b, = 6.02±0.02 A.U.. c = 8.63 ±0.02 A.U., and ft = 91°40' and the 
space group to he <V in agreement with the results reported by earlier authors. 
They also carried out double Fourier analysis and pointed out that in addition 
to weak hydrogen bonds between the oxygen atoms of the NO a group and the 
hydrogen molecules of the amino group, there is an exceptionally close approac 
betweon one of the oxygen atoms of lhcN0 2 group and three of the aromatic carbon 

* Communicated by Professor S. C. Sirkfvr 

353 


3 



354 


G. S. R. Krishna Murti 


atoms of the next molecule. They concluded that intermolecular attraction of 
new type was present in the crystal . 

Mckeown et al (1951) determined the spacings of some planes of (hoi), (hoi) 
and of (474) with large values of h and l at different temperatures ranging from 
90°K to 293° K in order to find out whether there was any anisotropic contraction 
of the crystal with lowering of temperature. They also determined the coefficients 
of expansion a, 2 along 5-axis, a n along a direction making an angle 40°2' with 
a- axis and a., 3 along a direction perpendicular to that of <Xj , . They found the values 
of a u , a 2i! and a 3J to be 1 50 3 X 10 7.5 X 10~° and 24 X 10~ u respectively. They 

came to the conclusion that there was a polarisation bond linking the aromatic 
0-atom ortho to the NH 2 group of one molecule to the O-atom; of the 
N0 2 group of an adjacent molecule. They also concluded that the molecules 
turn a little in the crystal as the temperature changes from 293 U K to 90°!^. 

Recently, Donohue and Tr ueblood (1956) recalculated the Fourier ■ projei - 
turns by assuming some orientations off he molecules m the crystal which arc quite, 
different from those assumed by Abrahams and Robertson (1948) and found much 
better agreement with the observed intensities They concluded that the so- 
called short intermolecular distances m the crystal as well as the polarisation bonds 
found out by Abrahams and Robertson (1948) sue actually absent. 

The abnormal high value of coefficient of expansion a n and the very low 
value of a 22 found out by Mckeown ct al. (1956), however, point to some change 
m orientation of the molecules in the crystal with the lowei mg of temperature to 
90°K and it is difficult to understand how such a change takes place m absence of 
any strong attraction. It. has been obseived in the ease of anthracene (Krishna 
Murti, 1956) and diphenyl (Krishna Mmti, 1957) that thei •e is no abnormal con- 
traction with lowering of temperature of the crystals. So, in the ease of substi- 
tuted benzenes, if actually such a reorientation of molecules is observed with lower- 
ing of temperature, some sort of attraction between the molecules is to he postula- 
ted. As the unit cell cont ains four molecules a slight turning of molecules would 
lead to some changes in the lelative intensities of i eflcction from certain planes. 
Mckeown et al. ( 1956) did not study such changes in the relative intensities in 
detail. So, it was thought worthwhile to study the Dcbyo-Seh error patterns of 
p-nitroamline at 90 J K and also at room temperature (301 °K) using the same 
arrangement to find out whether the Debye- Seh error patterns indicate any aniso- 
tropic contraction observed by McKcowm et al. (1956) with lowering of tem- 
perature to 90°K and who ther the relative int ensities of reflection from different 
planes undergo remarkable changes with lowering of temperature. 

EXP E R 1 M E N T A L 

Pure p-nilroanilinc (m.p. 147°G) was used after being crystallised in alcohol. 
The crystals were powdered properly and packed tightly in a tliin-walled soda 
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glass tube of diameter of about 0,04 cm to photograph the Pebye-Scherrer patterns 
at the different temperatures mentioned above. The low temperature photo- 
graphs were taken by the method described earlier ( Krishna Marti and Sen, 1056). 

A Seifert X-ray tube running at 26 ma, 32KV was list'd and an exposure of 
about 2$ hrs. was sufficient to get the patterns vccoided with moderate densities. 
The X-ray tube was provided with a copper taiget and a nickel filter was used to 
cut off the Oil, 1C/9 wavelengths. The distance from the specimen to the film 
was measured accurately by taking the Debyc-Schcrrer pattern of rock salt and 
was found to be 5.228 ems. Several photographs for each specimen were taken 
under the same conditions to test the genuineness of the results. Spacings were 
calculated from the diameters of the rings measured with a comparator. The 
pattern due to the crystal at room temperature was photographed to find out 
whether the spacings calculated agreed with those calculated from the dal a of 
Abrahams and Robertson (1948) and to compare them with those at low 
temperature. 

It E S U LT8 A N 1) D I S U U K S 1 O N 

{Sonic of the representative photographs of the Pobye-Nchcrrer patterns 
obtained at different temperatures arc reproduced in Plate VII The spacings 
calculated from the Debyc-Seh error patterns ol p-nitroanilinc at different 
temperatures as mentioned above are calculated and given in Table I along with 
the spacings calculated from the data of Abrahams and Robertson (1948). The 
intensities of different rings in the patterns obtained are given along with the 
spacings m parentheses as very stiong (vs) strong (s), medium (m), weak (av) and 
very weak (vw). 

TABLE 1 

Spacings of p-ni Lroamline 


1 


At 301 J K 


| At 90°K 

| Front the 
| dalu of 
l'lunes ; Abrahams & 
i Unberlsou 

1 (194H) 

1 Observed | 

From the 
relined dal a 
(Present 
author) 

1 

1 

| Observed 

1 

i 

From thi) 
data cab 
diluted 
(V resent 
author) 

iot 

7.170 

7.170 (ill) 

7.170 

7.150 im) 

7 150 

200 

6 170 

6.170 (w) 

6 170 

6 170 (w) 

6 170 

no 

5.410 

5 423 (ms) 

5 . 424 

5 423 (ms) 

5.423 

on 

4 . 938 

4 048 (m) 

1.047 

■1.933 (m) 

4 933 

in 

4.610 

4.621 (-0 

4 619 

4 .621 (s) 

4.623 

in 

4.558 

4 565 (vw) 

4.565 

4.510 (w) 

4 517 

002 

4.314 

4.315 (vw) 

4.313 

4.245 (vav) 

4,245 
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TABLE J ( contd .) 



At 301 °K 

At 90°K 

Planets 

Prom the 
data of 
Abrahams & 
Robertson 
(1848) 

Observed 

Prom the 
refined data 
(Present 
author) 

Observed 

From the 
data cal- 
culated 
(Present 
authot ) 


211 

3.824 

3 . 830 (s) 

3 . 828 

3.770 (b) 

3 767 

301 

3.756 

3.755 (w) 

3.754 

3.735 (w) 

3.737 

301 

3.671 

— 

3.670] 

| 3.1573 (w) | 

3.575 

202 

3.585 

3.582 (h) 

3 583^ 

[3.575 j 

012 

3.606 

3.510 (m) 

3 510 

3.405 ( 8 ) 

3.475 ' 

202 

3.487 

3 485 (vs) 

3 486] 

3 . 390 (s) j 

]3 388 

112 

3.392) 

|- 3 390 (vw) 

3 398 

[3 386 

310 

3 . 390 

3 397 

3 . 305 (s) 

3 . 364 

311" 

3 186 

3 186 (s) 

3 188 

3 186 (vw) 

3.181 

311 

3 135 

3.134 (ra) 

3 136 

l 3 080 (h) 

f 3. 07 ft 

212 

3 080 

3 . 080 (m) 

3.081 

1 

[ 3 079 

020 

3.010 

3.0] 9 (in) 

3 020 

3 . 030 (w) 

3 . 030 

120 

2.925 

2.936 (w) 

2.934 

2 936 (m) 

2 938 

121 

2 764j 

| 2.758 (w) 

2.770 

* 


410 

2 , 74oJ 

2.750 

2 710 (m) 

2 714 

4lT 

2.635 

2 635 (w) 

2 636 

i 2.620 (m) 

2.622 

013 

2 594 

2 593 (ms) 

2 595 2.503 (m) 

2 564 

fiOl 

2.390 

2 395 (m) 

2.392 

2.375 (m) 

2 370 

222 

2 . 305 

2 310 (vw) 

2 310 

2.310 (vw) 

2 311 

01 r 

2 222 

2.228 (vw) 

2 224 

2.205 (w) 

2.208 

004 

2 157 

2.160 (vw) 

2.157 

2.125 (w) 

2.123 

600 

2.056 

2.054 (w) 

2 . 056 

2 . 023 (w) 

2.023 

130 

1.981 

1 . 986 (w) 

1 . 987 

1 . 990 (w) 

1 . 993 

422 

1 . 943] 

1 1 . 946 (w) 

1 . 946 

1 . 946 (w) 

l . 945 

610 

1 . 945 J 

r 

1.940 

“1,916 (w) 

1.919 

611 

1.887 

1.883 (w) 

1.886 

1 . 855 (w) 

1.852 

621 

1.854 

1 . 855 (vw) 

1 . 850 

1 . 835 (vw) 

1.832 

132 

1.795 

1 795 (vw) 

1.800 

1.795 (vw) 

1.798 

1 24 

1.742] 

1.740 (w) 

1.744 

1 . 732 (vw) 

1.732 

70T 

J 737J 

1.736 

1.716 (w) 

1.718 

106 

1.704 

1 . 705 (vw) 

1.704 

1.670 (w) 

1.668 
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PLATE VII 



Dt Im-Schrirer patterns of //-nitio.imliiK 


(a) Spec uiricn at 20 G (Radius ot c.imcia • aail erns). 

(b) Specimen al - illo' G (Radius of unirra ") aaH uns 
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Crystal Structure of p-Nitroauiline' etc. 

Attempt was made first to find out fclio unit, cell dimensions of the crystal 
at low temperature from the spacings of the planes (101), (200), (Oil) and 
(110). The values of b and o sin // were calculated from spacings of planes 

(110) and (Oil) with that for a sin (1 obtained from the spacing of (200), It was 
found that the unit cell dimensions of the crystal calculated from these planes 
satisfy the spacings obtained for all other planes, The dimensions of the unit 
cell thus obtained are: 

u - J2.1GA.IT, 

b = 6.06 A.U. and /] ^ 93° 16'. 

c = 8.506 A. U. 

The assignment of the indices lo different planes for the crystal at room tem- 
perature (301 °K) was made with the help of the siructme factors reported by 
Donohue and Truoblood ( 1956) . It. can be seen from Table 1 that most of the spa- 
cings obtained for the crystal at 301 °K, in this investigation, agree fairly well 
with the data of Abrahams and Robertson (1948) except a few which involve 6- 
axis. The spacings For the pianos which contain b dimension, viz., (011), (110), 

(111) etc,, obtained in this investigation are slightly higher than those calm luted 
from the data of Abrahams and Robertson (1948), So if the length of /;-e.dge 
of the unit cell, as reported by the above authors, is slightly increased from 6 02 
A.U. to 6.04 A.U., the other data remaining unchanged, the spacings for the 
above mentioned planes agree well with those observed in the present investi- 
gation. At.90°K the value of b increases a little, while the values of u and c diminish 
Also ji increases at the lower temperature. These values of a, b , r. and f] would 
make some of the spacings smaller than those at room temperature while some 
other spacings would either remain unchanged or increase slightly. Table I 
shows that the planes (110), (Hi), (311), (212), (120), (222), (422) and (132) have 
the same spacings at both the temperatures and the planes (020). ( 1 30) have slightly 
higher spacings at about 90°K Thus the observed spacings can be explained 
satisfactorily witli the help of the unit cel) dimensions mentioned above From 
this it may be concluded that the primit ive translation along b axis slightly increases 
instead of diminishing at 90°K. By comparing the dimensions for the crystal at 
90° K with those for the cryst al at 301 °K, it can be seen that the unit cell contracts 
m the directions of a and c axis whereas if, elongates slightly along h axis which 
must be due to the slight reorientation of the molecules at the low 
temper aturos. 

In order to compare these results with those reported by Mckeown ti al. (1951), 
the value of coefficient of expansion a n along a direction making an angle of about 
40° with a axiR was calculated by deducing the spacing of the plane (1609) from 
the unit cell dimensions of the crystal at 90°K. The spacing was found to be 
0.5754 A.U... whereas at SOUK it is 0.5924 A.U. This gives a value of 140x 10- fl 
For a 0(} . a gJ! has almost a slightly negative value- These values agree fairly well 
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with those obtained by Mckeown el at. (1951). The coefficients of expansion along 
the three crystallographic axes a, h and c arc calculated as 70.15X 10~ fl , —16.06 X 
10~ 6 and 70.69 x 10 8 respectively. It can be seen from the patterns reproduced 
in Plate V IT that the general nature of the pattern obtained for the crystal at 
30l'K is the same even at 90°K, which clearly indicates that the space group 
C 2 / t 5 remains unaltered even at low temperatures. 

It can be seen from Table 1 that some significant changes in the relative in- 
tensities of reflections from a few planes occur with cooling of the crystal to 90°K 
The intensities of reflection from the planes (202) and (311) decrease whereas 
those from the planes (310) and (120) increase at 90 U K. This clearly indicates 
a change in the structure factor of certain planes at low temperatures (90°K). 
This change coupled with the slight increase in angle/? clearly establishes the fact 
that the molecules in the unit cell reorient themselves slightly as the Crystal is 
cooled to 90°K. \ 

These results thus confirm similar conclusions drawn by Mckeown et at . ( 1 95 1 ) 
This reorientation cannot be due to Van dor Waals forces, and the existence of 
some stronger intermoloc ular forces is to be postulated. Donohue and Trueblood 
(1956) have pioposed a structiue in which the mterniolccular distances arc too 
large to give lise to nitermolecular forces larger than Van dcr Waals fences. 11 
is found, however, that the structure factor for the plane (301) calculated for the 
structure proposed by them is only about one tenth of the observed value. This 
discrepancy might indicate that the structure proposed by them, mspite of being 
aide to explain most of the observed intensities, fails completely to explain the 
intensities of reflection from a few planes and that slight changes in the para- 
meters might give a better agreement between the observed and calculated values. 
It would be interesting to calculate the structure factors for the crystal at 9U°K. 
for the modified structure in order to find out whether there are abnormally short 
nitermolecular distances at 90°lv. 

A (1 K N O VV L K l) G M K N T 

The author wishes to express his indebtedness to Prof. S. C. Sirkar, D.Sc., 
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ELECTRONIC SPECTRA OF BENZYLAM1NE AND ISO- 
BUTYL BENZOATE IN DIFFERENT STATES AT 
DIFFERENT TEMPERATURES* 

S. B. BAN KIM EE 

OPTK’S DEl’AftTBUiNT, INIUAN ASSOCIATION l-Oll M’llK UUI.T1VATJON 

op Scjkncf, Jmiautu, Calcutta -32 
(Meet' iced for publication Afml 2, 1 i)57) 

ABSTRACT. Tho papm donl*, with the results ol imv* ligations on the ultraviolet 
ubsoiption spectra of bonzylamiim and iso- butyl binzmilc m nil i,l u i |„.m* si, at™ at, <hffeiont 
tompeial urw In the e.ine of lioiivsvlaimne in tho \ apour stale two Hyatt ms of IuiikIh wpamted 
by 7 mi- 1 I ui vo been observed while the specha due to (lie subsume m (he l.c ( uid ami solid 
stalen consist of only ono Minna of bioad bands. The ivsults have been explained on tho 
assumption that in tho vapour slate there are two typos of molecules with slightly diileiont 
electronic energy states duo to two dilteront on nidations oi tin (31 S NH .-group about the 

C — C 1)011(1, 

In tho ease ot iso-butyl benzoate tin' spectrum due to (hcvnpuui (xhibits sliuiji biuulH 
wlu'ivus in the liquid iinrj solid mutes bioud hands are observed It is found that the main 
change in tho sjioctmm takes place with hquelueUon ot the, stqioiu while with subsocpioiit 
solidificnlion no fiuther change takes plan* Utunpts lmv«* been made to interpret these 
results 


1 NTH OD V CT10M 

Previous invest igal ions on tho ultraviolet absorption spectra ot substituted 
benzene compounds showed that remarkable changes in the spectra take place 
with changes of state, depending on the mode of substitution in the ring. Ab- 
sorption spectra of a number of moiiosubstitulcd benzene compounds with long 
chains as substituent groups have been studied by Swamy (1952) and Deb (1953). 
It was observed that in the case of benzyl chloride (Nwamy, 1952) the position 
and structure of bands do not undergo any change with solidification and lowering 
of temperature of the liquid, while with change from the vapour to the liquid 
state the v 0 -band shifts by a large amount indicating the presence of associated 
groups of molecules in the liquid stale. Similar results were obtained by Deb 
(1953) who studied the ultraviolet- absorption spectra of n-butyl ester of benzoin 
acid, but the shift observed with the change from vapour to liquid state was much 
smaller. He concluded that the molecules of esters do not facilitate formation 
of virtual bonds in the solid state. 

The present w r ork was undertaken to extend these investigations to similar 
molecules having different substituents in order to find out whether a general 
"‘Communicated by Professor >S. (\ Sakai’. 
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conclusion can be drawn from the results obtained with a large number of similar 
compounds. With this object in view the ultraviolet absorption spectra of benzyla- 
mine and iso-bulyl benzoate in different states and at different temperatures 
have been investigated and the results have been compared with those reported 
hy previous workers for similar compounds. 

J£ Xi'ElllMEN T A L 

Benzylamine and iso-butyl benzoate were of chemically pure quality obtained 
from Merck’s original packing and were diddled under reduced pressure before 
use. Thin films of the liquids of thickness about a lew microns were found to 
produce bands in the absorption spoetia wlueh were photographed on JH'ojrd 11P3 
films with a Hilgcr El spectrograph. Absorption cells of length 50 cm wdre used 
fur obtaining the spectra of the compounds in the vapour state. In the Vase oJ 
benzylamine the absorption tube containing a small quantity of the liquid was 
evacuated and heated to two different temperatures, viz , 45°(- and 65°0 by means 
of an electric heater to get the spectrograms at two prcssuies, while m the ease 
of iso-butyl benzoate the temperature of the tube was about 75° 0. Iron arc; spec- 
trum was recorded on each spectrogram as comparison Microphot omelrio records 
of the spectrograms wore taken with a Kipp and Zouen type Moll microphotometer 
The absorption spectra were calibrated with the help of mierophotometiie records 
of noil are lines hy the method described earlier (Banerjee, 1950J. 

It E«UL T 8 AND DEH CUSHION 

The lnierophotometrie records of the spectrograms are reproduced m figures 
1 , 2, 3 and 4 . The frequencies of the bauds in cm 1 and then’ probable assignments 
are given in Tables I, II, ITT and IV. The lesults for the two compounds have 
been discussed separately in the following paragraphs. 

Benzylamine : 

The spectrum due to benzylamine hi the vapour state at 45°C consists of a 
number of bands with the first intense band at 37414 ran -1 . It can be seen from 
figure 1(b) that this band is accompanied by a feeble and slightly broad band at 
3747 1 cur 1 on the short wavelengf h side. If t he hand at 3741 4 ern -1 were taken as 
the v 0 -baud due to the vapour, the band at 37471 cm -1 w>?)uld represent a transition 
r 0 -[-57. Tt is, however, unlikely that 57 cm -1 represents an excited state vibrational 
frequency because the Raman spectrum of the compound does not show 
any ground state frequency of that order (Sirkar and Bishui, 1946). Tt can also 
be seen fiom figure 1(b) that the strong band at 37927 cm -1 is also accompanied 
by a similar weak band at 37984 cnr 1 . It is further observed that when the tem- 
perature of the vapour is raised from 45 U C to 65°C these two bands at 37471 cm -1 
and 37984 cm -1 become appreciably sharper and stronger (figuro la.) Thus it seems 
that besides the main system of bands with the v 0 -band at 37414 cm -1 there is a 
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1 Mk i oplutomcli u* rueordw of tiio ultiaviolot absorption spectra of 
bon /.y I am mo jn tlio vapom atiito. 

(a) Vapour at <i5°C (b) Vapour nl. 4-f»°C* 



ben z,y lain me. 

(a) Solid at —180*0. (b) Liquid at 24°C 
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35500 30500 37.100 3Hf»oo 39500 cm- 3 

Fitf. 3. Micropliotomotne records of t ho ultraviolet ulmorption spectra of 
iso -butyl benzoate in the vapour slate at 75°(J 



L^jg. 4. Microphotomotnc records of the ultraviolet absorption spectra of 
iHo-butyl bonzoato m tho liquid and solid states. 

(a) Solid at — 180°C ; (b) Liquid at 24°0, 
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Hocond system of weaker bands senar-HA,! a., a 

..-b«6 •. 37,7. „„ Z7^,, Z ^ 57 Cm -‘ M 

on the temijorature of the vapour Tli 1 ^ ° 18 ond system depends 

accordingly^ been "T “* ™ 1 ^ ^ 

and B 0 respectively When the temperature Jn ** .“!** d “ i *“ tod « A „ 

a few very weak broad bands are observed on the fen ^"T lfilnrrcasci1 1(1 O^C! 
at 37414 cm- and with reference to this band as the r land (A i ti" ^ T, ^ 
can be assigned to ground state vibrations, freque.Icies 1«H 4S4 "7^7 
respeettvely w,nch agree closeiy w.th some Raman frequencies oi the snbstan e 


table t 


Absorption bands of benzylamuie in the vapour state at 65”C 


Wave No. 
(crn-i) ami 
intensity 

! - 

Assignmon h 

Wuve No. 
(cm-i) and 
mietiKiiy 

Assignment 

SG7S7 vw 

30930 vvr 

A 0 — 027 

Ao — 484 

38214 vw 

A„-l 800 

A o-l 346 H- 4 29 



38413 s 

A o-| 999 

37246 vw 

Ao— 168 



37368 w 

Ao - 484 1 429 

38470 w 

BoH-999 



38574 s 

A„ ;-T160 

374 14 'mu 

A 0 

38673 * 

Ao 1 2 v 633 

37471 him 

Ho 

38921 h 

Ao ' 999-' 513 

37760 m 

A n ! 346 

3931 1 vw 

A 0 -! 3x633 

37843 ms 

Ao 1 429 

3942R vw 

An + 2x999 

37927 a 

A,, + 513 

39576 w 

A 0 + 1)99+ 11 60 

37984 me 

Bn + 513 

39860 w 

A 0 1 2x990 f 429 

38047 m 

A 0 -+ 633 
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TABLE TI 

Absorption bands of benzylamme in the liquid and solid states 


Liquid at 24 n C 

Solid a 

— 180°C 

Wave No, 


Wave No. 


(cm -1 ) and 

Assignment 

(our 1 ) and 

Assignment 

intensity 


l n l onmty 


37007 s 

v u 

37081 h 

v a 

37006 sb 

r-o + 529 

37588 m 

Vo + 507 

38040 vs 

>-o + 973 

37096 m 

i-o 1-615 

38583 Bb 

i/ 0 -1 973 | 529 

37807 ms 

i-oH 78G 



37953 h 

i'o + 872 



38009 vs 

>>„ | 9R8 



38043 vk 

>'o 1 -X 786 



3892 J s 

f„-| 988 + 872 


The bands on the shorter wavelength side of 37414 eni 1 and 37471 cm -1 nan he 
assigned to transitions involving excited state vibrational frequencies 346, 42!), 
51 3, 633, 999 and 1 100 cm -1 in the A-system and 5 J 3 aiul 999 cm -1 in the B-system 
There is also a very feeble band at a distance of 50 cm -1 on the longer wavelength 
side of the A 0 -band which represents a e— >?>' transition involving the ground 
state frequency 484 cm 1 which is reduced to 429 cm' 1 in the excited state A 
tentative suggestion regarding the origin of the two systems in this molecule in 
given below. 

In benzylamine moleeule the CH 2 N11 2 group which is attached to the ring 
through a C-C bond may possess a freedom for two different orientations about 
that bond. Evidence of such freedom of rotational orientation of substituent 
groups has been furnished by Ghosh (1954) from a study of absorption of micro- 
waves in many polar liquids including benzylamine. In the case of benzylamme 
in the vapour state such freedom of rotation of the substituent group may possibly 
give rise to two types of molecules with slightly different electronic energy states 
and the relative population of the Wo types will be determined by the energy 
difference between the two configurations The appearance of the two systems of 
bands with A 0 and B 0 as the r 0 -bands may be due to the presence of such two types 
of molecules in the vapour state. The influence of temperature on the relative 
intensities of the two systems actually corroborates the view that, molecules of two 
different configurations arc present in the vapour. 

In the liquid state benzylamine exhibits only one series of broad bands con- 
sisting of four bands with centres at 37067, 37590. 38040 and 38583 cm” 1 of which 
the first one has been taken as the v^-band, The lyband due to the liquid thus 
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lies at a distance of 347 cnr J on the longer wavelength side of the v 0 -band (A 0 ) 
due to the vapour. In the ease of the liquid the hands of each system become 
broader owing to influence of fluctuating intermolmdar held and the corres- 
ponding bauds of the two systems coalesce with each other to form a single series 
of bi oad bands. ^Vlien the liquid is frozen and cooled to — 180°C! there is no fur- 
ther shift of the v 0 >boiid and again only one system of bands is observed. When 
benzylamine is cooled to -180°0, the different molecules of the compound 
might be frozen with the substituent group having any of the two possible orienta- 
tions. But the bands due to the solid are still hi oad though they are a little shar- 
per than those duo to the liquid. This indicates a fluctuation of the intermolccular 
field even in the solid state as in the caBo of iso-butyl benzoate discussed below. 
Tn the spectrum due to the solid the excited state vibration frequencies 507, 615, 
780, 872 and 086 cm' 1 are observed. It is found, however, that with solidifica- 
tion and lowering of temperature the intensity of the hand representing the excited 
state frequency 513 cm -1 observed in the case of the vapour corresponding to one 
ol the components of 606 cm -1 e 2f/ mode of the benzene ring is diminished, while 
the intensity of the band involving the excited state frequency 000 cm -1 due to the 
breathing vibration of the ring is increased. 

Tsn - b uty ( be. nzor i le . : 

In the vapour slate iso-lmtyl benzoate yields a number of sharp bands of 
which the first strong band at 30083 cnr ] lias been assigned as the v 0 -band. The 
othei bands correspond to excited state vibrational frequencies 151, 256, 583, 
070, 1025, 1436 cm -1 and their harmonies and combinations There is a weak 
band at 35021 cnr J representing the ground state frequency 153 cm -1 There is 
also a hand at 36000 cm -1 which might be assigned either as v 0 -)-826 or 
v 0 -J-970— 153. The second assignment would rcquiie the molecules to be initially 
in the excited vibrational state of frequency 153 cm -1 In that case the intensity 
of the band in question would bo expected to diminish greatly in the ease of the 
solid at —180°0, because the munbei of molecules present mtially in the excited 
vibrational state w ould diminish at low temperatures. Actually, such a diminution 
in the intensity of the band takes place at the low temperature. In the spectrum 
due to the solid at — 180°0 reproduced in figure 4(a) the hand corresponding to 
the frequency 970 cur 1 is quite intense and does not indicate the presence of 
another hand adjacent to it on the long wavelength side, while in the spectrum 
duo to the liquid (figure 4b) the band corresponding to the frequency 970 can -1 
appears to bo accompanied by a broad band on the long wavelength side. Thus 
the frequency 826 cm -1 is not a fundamental excited state vibrational frequency. 

In the liquid state Ihroe very broad bauds are observed with the centres of 
the bands at 35614, 36565 and 375 1 2 cm -1 respectively , the first band being assigned 
as the v 0 -band of the system. The other two hands involve transitions vo+ASl 
and X 951. It is thus found that, the liquefaction of the vapour results in 
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TABLE III 

Absorption bands of iso-butyl benzoate in the vapour state at 75°C 


WupVh No 
( omr 1 ) find 
Intensity 

Assignmoiit 

Wave No. ! 

(cm -1 ) and 
intensity 

Assignment 

35030 w 

1*0—153 

37682 m 

p 0 } 1025+583 

30083 h 

vn 

37804 w 

Vn 1-070 1 5H3*| 151 

30234 vw 

Pod 151 

37874 w 

p„ 1 2x070-153 

36330 vw 

p n | 256 

38028 w 

p 0 + 2 x 970 

36666 w 

Po l 583 

38244 w 

p 0 } 102f>-|-070+ 1,51 

30000 ms 

*o 1 820 J 

r o + 07l)-l53] 

38464 m 

*„ -|-070 1-1430 ^ 

37053 h 

* o 1-070 

38538 w 

*o-l 1025 1 1436 

37108 h 

p„-| 1025 

38508 s 

p„-j 2x070-1 583 

37212 w 

p„ | 070+151 

38703 v 

vn 1 070 ! 1436 I 250 

37323 in 

Pc, + 1240 1 

y„-i- 070 + 256 1 

38080 w 

*«-! 3x070 

37484 w 

p„ 1 070 i 250 | 151 

30380 in 

p„ 1 3x070-1 250-1 151 

37510 m 

p„ i I43G 

39451 w 

*„ I 2> 970-} 1436 

37632 w 

p fl J- 070 | 583 

30500 ins 

p„ | 3 X 070 ' 583 


a shift of 409 cm -1 of the VQ-banrl towards longer wavelengths. Evidently, the ex- 
cited cleetionic state of the benzene ring is lowered by the influence of the inter- 
molecular field created by the proximity of the OOOCH a CH(CH 3 ) 2 -gioup. When 
the liquid is solidified and cooled to — 180°C only a small shift of 76 cm - " 1 in the 
position of VQ-band towards longer wavelengths takes place and except a slight 
sharpening of the bands the structure of the bands remains the same. This shows 
that no further change in the intermolecular field takes place w itb solidification. 

TABLE IV 

Absorption bands of iso-butyl benzoate in the liquid and solid states 


Liquid al 24°(J 

Solid at — 1 80°C 

Wavo No. 
(nn-i) and 
intensity 

Assignment 

Wave No. 1 

(cm -1 ) and Assignment 

intensity 

35614 h 

PO 

35538 s Po 

36565 sb 

rot 051 

36572 s p(, + 974 

37512 wvb 

p,,- 5 2x951 

37484 mb * 0 -| 2x074 
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The persistence of large width of the bands in the solid state indicates that the 
angular oscillations of the molecules responsible for the widening of bands m the 
case of the liquid persist at low temperatures. The results are similar to those 
obtained by Deb (1953) for other benzoic acid esters. Probably the presence of 
a long CQOCH 2 CR(OH 3 )o substituent in the ring prevents the formation of addi- 
tional virtual bonds between the benzene rings and consequently the ring is free 
to execute angular oscillations whhh are icsponsible for fluctuation in the inter- 
molecular field even at low teinpei atures, thus causing a broadening of the 
bands. 
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EMISSION SPECTRA OF MIXED HALOGENS. PART II 

IBr and Bid 

P. B. V. HARANATH and P. T1RLTV1SNGANNA RAO 

Physics DnpAKTMUNT, And lilt A Univicusity, Wai.tmh 
(It revived for fiubhcatton A ur/us/ 21, 105G) 

Plates VIII A & VIII B 

ABSTRACT Tin* ommsion spcclm of lib unil J 5 r( ^1, oxoiloil by the hmido oloclrii'iil 
mhippos ust>d iih in Uu* i hki* ol KM, am photographed from tho visible down lo Ibt* vacuum ull.ru- 
vmli'l. in tbo visible, unlike l(M, tin* spoctium of lib’ lovoulnil only a brief ays tom \of nhnul 
40 bands, m tho region \ 3000 t.o \ 3HOO. r lMio analysis u(‘ l.hmi bands bus led to the lbllowing 
vibrational eonstnnts. 

u/ - JOiOrin" 1 ., :i, c ' w/ =•- O.Som-'., u/' ~ 140.0 cm-b, v/'ui#" — 1.0 rnr 1 , 
v e — 2007(1 rai-i . 

Tho lower Htate of this system is identified ns the Hlj shite of the ml ruled absorption bands 
ol rilr. The sport, ium of lb Cl has nnnnlod only six eonlinuous ddlusn bunds in the region 
\ 3000 to \ 2500. 

In the vacuum ultraviolet, tho two systems, known earlier in absorption lor on eh ul 
these moloc nles, are recorded. In tho ease ol THr, some more bunds have Keen newly obtained 
in emission and are assigned to tho two systems 

The nutuio and properties o / the new eleitiome slates identified m KM and Illr are dis- 
cussed in mint ion to tho temi si heme ol these molei ides. 

I NTH O n U I T I O S 

In (ioulmuation of our work on t lie (‘mission spectra ol mixed halogen mole- 
cules, the spectra, of IBi and BrOI are studied using the same 1 w o sources of elec- 
trical excitation, a condensed discharge from a 20 k.v. t ransformer and the high 
frequency discharge from a 100 waft osoiilaloi , described previously m Part I 
Reference to early work on these molecules, both m emission and absorption, 
has already been made m the earlier paper. In this communication, it, is proposed 
to describe the results of investigation on the spectra: of IBr and BrCl, and to 
discuss the nature of the electronic states of these mixed halogen molecules. 

1. IODINE MONOBROMIDE 

KXPEIUMEN T A L 

Resublimcd iodine crystals and liquid bromine are mixed in equal proportions 
to their atomic weights The mixture is heated and the vapour is allowed to 
condense to give pure iodine bromide crystals which are dark grey in colour. 

368 
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As a little excess of bromine is added, the crystals become liquified forming 
probably IBr* which is used in the present investigation. 

The design of the discharge tube and the system of evacuating pumps are 
the same as those used for TCI, m each case when the spectrum is excited either 
in condensed discharge from a transformer or in a high frequency discharge from 
a high power oscillator. When the spectrum is excited in the condensed discharge, 
the same type oi characteristic bluish glow, surrounding the intense line-like 
discharge giving rise to the atomic line spectra, is also observed in the case of 
IBr. The spectra are photographed oil the same instruments as for 1C1 in the 
visible, quartz and vacuum ultraviolet regions. 


RBRULTH 

The emission spectrum of IBr reveals a new system of about 40 bands lying 
in the region from A3900 to A3800 iu addition to some of the bands belonging to 
the well known visible absorption systems of IBr above A5000. Tn addition to 
the bands, a number of atomic lines due to both bromine and iodine are also re- 
corded on the plates. This new system is not so extensive as the one observed m 
I Cl. As can be seen in Plate VIII A, some of the bands are diffuse while the 
olhers appear probably red degraded Table I gives the band head data in the 
region A3900 to A3800. In the quartz ultraviolet region a few continuous bands 
are also observed. Those are identical with some of those, reported by Asundi 
and VoukateswaiuJu (1947), in an uncondcnsed discharge through IBr vapour. 
In the vacuum ultraviolet icgion two systems lying between A 1975 to A1740 are 
observed. These are found to be the same as those obtained by Cordes and 
Spouer (1932). in absorption. A few additional bands have been recorded in the 
present- emission spectra. 

The spectra excited both in high frequency discharge and in an uncondensed 
discharge from a transformer, arc found to be quite similar. Photographs of the 
spectra reveal continuous bands in t he visible and quartz ultraviolet regions and 
two discrete band systems in the vacuum ultraviolet, referred above. 

V [ R R A T IONAL ANA L Y S 1 S 

New system of IBr in the region A 3900 to A 3800 

The general appearance of this system is shown in Plate VIII A. Unlike 1C1 
bands, this system, however, does not appear to consist of bands belonging to 
long progressions or sequences. A wavenumber interval of 140 cm . among some 
of the prominent bands of this system suggests the possibility of the lower state 
of this system as the “IU state of the visible absorption hands. The vibrational 
5 
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analysis of the bands shown in Table II has led to the determination of the 
following approximate constants of the two states. The fact that <i> e ' < “> e " is 
consistent with the red degradation of some of the bands. 


TABLE I 


Wnvo 
longfch j 

Wave | 

number 

Inb. {Assignment 1 

! vT 

Wave 

length 

Wave 

number 

Int. 

Assignment 
v' , v" 

3912 3 

25553 

2 

i 

3847.4 


25984 

7 

6 ,\ 

3909.6 

25571 

2 

3,5 

3845.2 


25999 

6 

\ 

2,1 

3904 1 

2560] 

2 

2,4 | 

3841 8 


26022 

4 

5,3 

3896 4 

25664 

2 

0,2 

3840 . 8 


26029 

5 


3889 0 

20706 

O 


3839.4 


26038 

9 

1,0 

3884.9 

25733 

3 

2,3 

3836.2 


26060 

5 

4,2 

3880.2 

25765 

3 

1,2 

3833 9 


26075 

4 0 

7,4 

3878.0 

25779 

3 


3830.6 


26098 

4 

3,1 

3875.0 

25799 

6 

0,1 

3828.3 


26114 

4 

6.3 

3871 8 

25820 

6 

7,6 j 

3825 9 

26130 

4 

9,5 

3870 4 

25830 

4 

3,3 

3821 7 


26138 

4 

2,0 

3866.9 

25853 

4 

6,5 

| 3822.3 

1 

26155 

7 

5,2 

3865.0 

25866 

7 

2,2 

3819 

1 

26177 

2 


3863 3 

25877 

5 


3816.4 

26195 

1 

4,1 

3859.8 

25901 

8 

1.1 

3814.6 

26208 

1 

7.3 

3856.1 

25926 

4 

4,3 

3812. 

1 

26225 

3 


3854 5 

25936 

10 

0,0 

3808 4 

26250 

2 

6,2 

3853 4 

25944 

5 

7,5 

3806.5 

26203 

2 

9,4 

3852 2 

25952 

4 


3804.0 

26274 

3 


3850.5 

25963 

3 

3,2 

3802.7 

20290 

2 
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TABLE II 

Vibrational analysis of IBr bands in the region A3900-A3800 


v" 

v X 

0 

1 


3 

4 

5 6 

0 

25930 

25799 

25664 




1 

26038 

25901 

25765 




2 

26138 

25999 

25866 

25733 

25601 


3 


26098 

25963 

25830 


25571 

4. 


26195 

26060 

25920 



5 


26290 

26155 

26022 

* 


6 



26250 

26114 

20984 

25853 

7 




26208 

26075 

25944 25820 

H 

0 





* 

26263 

26130 

Note. 

The ] duces marked with (*) i 
honc-o thoir mooHuromonts 

aio superposed by diffuse baudw and 
aro uncertain. 




TABLE III 



1 ntensity d istribution 

in A3900-A3800 system of IBr 

V ' 

0 

1 

2 

3 

4 

5 6 

0 

10 

<i 

2 




1 

M 

8 

3 




2 

4 

0 

7 

5 

2 


3 


4 

3 

4 


2 

4 


1 

5 

4 



6 


2 

7 

4 



6 



2 

4 

7 

4 

7 




1 

4 

5 6 

8 







9 





2 

4 


= 104.0 cm -1 ., x‘, - 0.8 cm -1 ., ■»,’ = 140.0 cm -1 ., = 1.0 cm 

v e = 26076 cm -1 . 

The intensity distribution among the bands of this system is shown in Table 
. The bands of maximum intensity are found to lie on a typical Condon paia- 
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bola as in the case of I Cl. The lower state of thiR system is identified as the 3 n 1 
state of IBr. According to this analysis the position of the upper level is at 
v38306 cm -1 . 

VACUUM ULTRAVIOLET SYSTEMS 

These systems are reproduced in Plate VTIl B. As in the case of I Cl, some 
of the bands in these systems appear lilco absorption bands, probably due to self- 
absorption. The vibrational schemes proposed by Cordes and Spoiler (1932), 
are extended to include some of the additional bands newly recorded m our present 
emission pictures. These schemes are shown in Tables IV and V, in which the 
bands marked with c *’ are newly obtained and assigned. These two systems are 
analogous to those of I Cl. The upper electronic levels of these two systems are 
interpreted by Mullikcn (1934), as belonging to ft, -w type of coupling, while 
the lower states oi the two systems are identified as the ground state of IBr mole- 
cule. \ 


TABLE IV 

Vibrational analysis of IBr bands A1975 — A1840 


. v" 

0 

1 

2 

3 




0 

1)1701 

51434 

51169 

50916 

50658 



1 

.12015 

51745 

51483 

51224 

50973 



2 

52315 

52051 

5 1784 

51529 

51359 



3 

52630 

52371 

52092 

51843* 

51562* 

51294 


4 

52931 

52066 

52400* 


51873* 

51613* 


r» 

53237 

52967 

52702 

52427* 



51648* 

6 

53533 

53204 

53000 

52731* 

5246G* 



7 

53836* 

53563 

53291 

5301 5 

52754* 

52500* 


8 

54148* 

53879* 

53602* 



52798* 

52531* 

9 



53911* 


53362* 

53083* 

62551* 

10 




53952* 

53697* 

53416* 

52851* 

1 1 





53996* 




Note. Bands marked with “*” are newly obtained in the present work, 
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PLATE VIII A 
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(a) Emission spertra of IBr excited in condensed transformer discharge (Fuess spectrogram) 
(k) Vacuum ultraviolet bands of IHr (Crating spectrogram). 
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PLATE VI' 


3600 3500 3400 3300 3200 3100 3000 



(a) Continuous emission hands of llrCl (Medium quarts spectrogram). 

(b) Vacuum ultraviolet bands of Bi d (Grating spectrogram). 
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TABLE V 

Vibrational analysis of IBr bands in the region A1840-A1740 


u" 

0 

l 




6 7 

8 

9 

0 

50369 

56101 

55934 

35574 

55304* 5504 1 * 

54788* 54535* 

5*292* 


1 

56673 

56406 

56158 

55884 




54354* 

2 

56970 

56712 

56449 


55935* 53664* 

55J75* 

54903* 


3 

57274 

57012 







4 

57576 

57306 




55741* 

55491* 


5 

57975 

57610 

57336 






0 




573C9 






Note. Bunds marked with are newly obtained m tho present work. 


2. BROMINE M ON OCHLORIDE 

R X V R RIME N T A L 

Unlike TCI and TBr the preparation of a sample of BrCl is not possible as the 
substance is very unstable at the room temperature Hence, the design of the dis- 
charge tube used in this case, is different from that, of ICl and IBr. The tube, 
made of pyrex glass 30 cm. in length, 20 mm in diameter, is drawn out mto an 
adaptor at one end. Tho other flat end is closed either with a quartz or a fluorite 
window. The adaptor is connected to a system of evacuating pumps through 
one or two liquid air towers as in the ease of ICl and IBr. The main discharge 
tube has two side tubes in the middle. In the horizontal tube on which a heating 
coil is wound, chlorine is generated from cupric chloride. To the other side tube 
which is shorter and vertioal, is connected a liquid bromine container by a pressure 
tubing. The pressure of bromine is adjusted by means of a pmch-cock, while 
that of chlorine is adjusted by regulating the current in the heating coil. When the 
pressures of chlorine and bromine are suitably adjusted, a characteristic intense 
bluish glow, different from the individual glows of bromine and chlorine, is observed . 
The spectra as excited both in a condensed discharge and in a high frequency 
discharge are photographed in the visible, quartz and vacuum ultraviolet regions 
employing the same instruments as before. 

RESULT S 

No discrete band system corresponding to those of TCI and IBr in the visible 
region is observed for BrCl. In the near ultraviolet, six continuous bands in the 
regions A3600 to A3520, A3390 to A330O, A3190 to A3070, A2950 to A2825, A2750 to 
A2710 and A2605 to A2550 are recorded on the plates taken on a medium quarts 
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instrument. These continuous bands arc reproduced in two strips a and b in Plate 
VIII B. These bands are attributed to Br Cl molecule as they do not bear any 
relationship with the diffuso bands of either bromine or chlorine. The occurrence 
of these diffuse bands ui BrCl indicates the repulsive nature of some of the 
low lying excited states of this molecule. 

In the vacuum ultraviolet region the emission spectrum of this molecule 
reveals the two vacuum ultraviolet systems lying in the region AI720 to A1560. 
These systems are identical with those previously reported in absorption by Cordes 
and Spoiler (1932). These are reproduced in Plate VIII B, strip c. 

14 LEG TRONIC STATES IN M If X E D HALOGENS , 

The nature and properties of electronic states to be expected in the spectra 
of mixed halogen molecules were discussed by Mulliken (1934). Using atomic 
orbitals for the n electrons, the ground state configuration of 101 moloculo can be 
written as 


(3pO- cr |-5pcr lj0 r) 2 (3p TTu) 4 (5p7Tj) 4 ... (1) 


giving vise to the state 1 £ H \ 

The lowest excited states can be obtained by suitable excitation of a n l 
electron to the <r* antibondins orbital, thus # 


’ll, 3 !! ... (2) 

The well-known visible and near infrared absorption bands of 1C1 are attributed 
to transitions from the normal state to the J 1I 0 and 3 II.j levels arising from confi- 
guration (2) These two states are also identified to be the upper states of similar 
systems in IBr. Above these the following two groups of states belonging to the 
two configurations are expected to lie higher in energy. Thus, 

(rW oi7rV*- 1 H ) 3 n (3) 

cr 2 7r 4 ci7T 2 ja* z — 1 2 H ', 3 2 (4-) 

From the term scheme of 1C1 proposed by Mulliken, these two groups of states are 
expected to have approximately the same height above the ground state. The 
states arising from configuration (3) are predicted by Mulliken to bo repulsive in 
character, and transitions from ground state to these levels are explained by him 
as giving rise to the ultraviolet continua observed in JCland IBr. The other 
group of states from configuration (4) arc predicted to be stable dissociating into 
ions of type T+ and Cl - . The moan vertical energies of these states arising from 
configuration (4), above the ground state, arc estimated as 4.8 e.v, in the ease ol 
I Cl and 3.4 e.v. ha the case of IBr. 
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According to the vibrational analysis proposed for the new systems observed 
in Id and IBr, the lower state m each case is identified as the a IT 1 state of tho near 
infrared absorption bands arising from configuration (2) . The heights of the upper 
levels above the ground state, in T01 and IBr are obtained as v37742 - 4.66 e v. 
and v 38306 = 4.72 e.v. respectively. It. is reasonable to expect that the electronic 
terms responsible for these two slates might arise from configuration (4). Since 
the upper level in IBr (4.72 c.v.) lies slightly higher in energy than that of TCI 
(4.66 e.v.) it is probable that the two upper levels may not. belong to the same 
electronic term . The lower state involved being a 3 II , state, it is probable that the 
upper level in I Cl may arise from term, while that in IBr may he a *£+ state, 
both arising from the same configuration. Thus in 101 the transition involved 
is 


crVuprV*®, - rr^cprVVJIi 

m which the typo of coupling may belong to either case A or B or case C 
In IBr the transition is 


may be attributed to, as belonging, only case 0 type of coupling 

Transitions from ground state of rrW to any of the above upper states 
l £' or from the configuration rr a Il 4 ll-rr 2 , are less likely to occur in absorption 
as the transition involves a two electron jump. This may pi oh ably explain the 
absence of these systems in the absorption spectra of IC1 and IBr 

For the vacuum ultraviolet band systems, the upper electronic levels are 
previously interpreted as (A f F, 2 Il iVa )(r x — Jl 1)2 and (A+F, 2 ]'J 1 / a )o‘ r — rip 0 where X 
represents an iodine atom and Y represents either Cl or Br atom m the case of 
101 and IBr and for BrCI, X represents a Br atom and Y represents a Cl atom 
The lower state of those svstoms m flic three molecules is identified as the ground 
state, while the upper stales belong to the (S2 CJ w) coupling type. 
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EXCITATION OF THE SPECTRUM OF THE 
SUNLIT AURORA 

PRABHAT K. SEN GUPTA 

DjIUSCTOKATIS 01' MlflTKOHOLlMJY, Alii H 1SADQ1J \ HTEJIS, NfiW DlOJ.Hl 
[Received Jar publication Fvbruury IS. Jl)f>7) 

ABSTRACT. In tho , sunlit, imi'om rurl'nin lealums in its sulfiutivo emission spectrum 
art* known to ho mom intense us compared with the, ordinary aurorae. TI|o following 
mechanisms of the enhancement ot those teiifuros m tho Hisloct.ivu onnasion Hpecfcrum ol the 
Huulit aurora have boon diseussod : \ 

( I ) Pfiol oiomsntion of atmoRplione eonsl.ituents by solai ulfm violet rudmlipu followed 
by the action of the solar corpuscular stream and secondary read ions. 

( I I ) Ionisation ol atmospheric constituents by the solar ooipuseului hU'chui followed 
by resonance execution by sunli^hL uml secomliuy renetions. 

As the pmliclo density in the nppei atmospheie at the Ini’ll altitudes concerned is c\- 
ticincly sm a 11, neithci process can adecjuniely nci'ount for the intensities observed. This 
diffieully disajijieius, if vie fonsidci that llierr is an nu reuse in eoneentmUon of secondary 
ions uml recombined atoms m columns m the vieindy ol the earth s mugiii’l le liui's offoice 
Of tho two mechanisms tlie first one is console, led inoie likely. t 

I I N T l< O I) IT C r f I O N 

1.1. Of the various forma in which the aurorae arc manifested, the lays 
or streamers have been known to reach the highest altitudes. As a rule most ol 
the ordinary auroral forms, viz., arcs, hands, draperies etc., have bases in the 
region of 100 Kms., and tops rarely exceeding 300 Kins. The bases of the rays 
are, however, situated at higher altitudes and tops are also much higher than those 
of the ordinary aurora. In particular, when the upper regions of the atmosphere 
are illuminated by the light of the sun (which may be about 20° below the horizon) 
the auroral rays situated at tlie highest altitudes seem to become fully 7 exposed. 
iSlormer(1929) who was the first to observe the phenomenon found that the sunlit 
auroral rays reach as high as 1100 Kms. At. the boundary of the earth's shadow 
separating the sunlit aurora from the aurora in the dark atmosphere below, 
the aurora appears to become divided. This feature is particularly noticeable 
in the ease, of some individual rays, the upper part of which lies in the sunlit region 
and the lower part in the shadow, with a section missing in between at the boundary 
of the earth's shadow. 

1.2 According to the generally accepted view, the impact of fast corpuscular 
streams from the sun is responsible for the development of the aurora. The cor- 
puscular stream consists of positive ions and electrons, which together make the 
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stream neutral in character (Chapman , 1950). The Doppler displacement towards 
the violet of the H a line (GarUein , 1951; Vegard, 1952, Memo], 1951) of the 
aurora shows that protons form the bulk of the positive ions of the corpuscular 
stream. Ou approaching the earth, these charged particles are guidod by the 
terrestrial magnetic field towards the auroral zones following more or less direct 
trajectories, and give rise to the ordinary forms of the aurora. But the rays 
or streamers arc? characterised by their alignment to the earth's magnetic lines 
of force, round which the charged particles spiral and give rise to the cylindrical 
structure. Vegard (1939) has shown that the angle made by the trajectories with 
the lines of force determines the depths up to which such helical trajectories pene- 
trate and thou turn back. A returning spiial jh fully developed provided the 
energy of the 1 - particles has no l already been spent up in ionisation and excita- 
tion. The spiral trajectory also accounts for the high bases oi the auroral 
rays, as (lie incident charged particles have to traverse a longer path along the 
spiral and come to a slop at higher altitudes compared to others following a 
straight path. 


oxpi ossjon 
where 


and 


],3. The rays have diameters ol the order of several kilometres, but some 
are quite narrow with diameters of the older of 300-400 metres (Vegard, 1939). 
For a spiral trajectory, we got the same ordei for the radius r, as given by the 
r — mvc/vH 

H = intensity of the magnetic held 
in — mass of the particle 
f charge 

v — component ol velocity normal to 11 
At an altitude of 200 Kins. in the. auroral legions, taking 1J =■ .45 Gauss, v = 10 8 
cni/sce for incoming protons, and m --- 1.05 x II)- 2 ' 1 pin, r comes out as 230 metres. 
The electrons rot ate in the opposite sense and their orbits have much smaller radii. 

1.4. The sunlit aurora is generally greyish-violet in colour due to the ad- 
mixture of enhanced red auroral lines with the green auroral hue of atomic oxygen. 
At times the enhancement of the first negative hands of nitrogen imparts a blue 
colour to these rays. The absolute values of intensities of auroral features arc not 
available, but. an idea can be formed from the visualestimat.es of brightness as given 
bv International Coefficients (Mitra, 1052a) which have been classified mlo four 
types, 1 to IV corresponding to the brightness of the Milky Way increasing to 
that of the full moon. The sunlit aurora belongs to the more intense categones 
At X 3014 of the negative bands at high altitudes, Seaton (1954) has estima e 
an emission rate of the order of 5 X 10“ photons per square centmietre ®lumn m 
the line of sight per second or 5 X I0“/10 6 - 5 X 10« photons m- sec , inside ig 
(‘mission taking place from rays of 1 Km thickness. The 01 er or le rec a 
lines of atomic oxygen will not be much different, lor companson, 1 
6 
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mentioned that the absolute intensity of the green auroral line of the night Bky 
light corresponds to only 4xH) B transitions per ein 2 column per second. 

2. ENHANCEMENTS IN SELECTIVE EMISSION SPECTRUM 
OF THE SUNLIT AURORA. 

2.1. In this paper it is proposed to discuss only the main spectral features 
which get enhanced in the sunlit aurora Compared to the green line A 5577 
( — 1 />) of alomie oxygen, the enhancements of the following have been 
reported. 

(i) lied lines, AA 6300, 6363 — 3 P) of atomic oxygen. 

The enhancement is considerable (up to 8 times) 

(ii) First negative bands (A')— N 2 ^ (X r ) of nitrogen. The enhancement 

is up to 6 or 7 times. ^ 

The green line A5577 may either weaken (Stormer, 1029) or remain uiiaffocted 
The appearance of the negative bands and a sinnlar enhancement of the red amoral 
lines of atomic oxygen have also been observed in the spectrum of the niglil sky 
during ‘Twilight Flash”, when the atmosphere around 100 Km is illuminated by 
tho sun during the morning or evening twilight. Although illumination by the 
sun is mainly responsible for the enhancements of some of the bands and lines 
in both eases, the mechanisms which give rise to the excitation and enhancement 
cannot be comparable; the sunlit aurora is a phenomenon occurring in rather 
tenuous atmosphere where de-excitation processes are negligible, but the twilight 
flash ocems in lower and denser atmosphere where de-excitation processes play 
a prominent part. It has also to be noted that the sunlit aurora is not a day- 
to-day feature like the twdlight flash, and is manifested only during occasions of 
auroral activity. 

2.2. The enhancements in the spectrum of the sunlit aurora have been gene- 
rally attributed to a simple rosonancc effect. According to Bates (1949), in the 
case of resonance excitation of the negative bauds, the photon emission even ai 
high altitudes is quite .sufficient to account for the observed intensity. In view 
of the uncertainty in the density of N 2 ' ions and the radiative lifetime ol the 
N 2 + (^T) state, it is proposed to examine first the behaviour of the red lines, 
which show the effect to a much greater extent. For resonance excitation, we 
have the following processes : 

0( 3 P)+/tv(A < eSOOJ-tCK 1 #) ... (1) 

0( s P)+Av(A < 2972)-K)( 1 ff) ... ( 2 ) 

from which the omission of the red and green auroral lines follow'. For these 
processes the number of transitions per illuminated particle per second has been 
calculated by Bates and Massey (1946) from the expression 



Excitation of the Spectrum of the Sunlit Aurora 379 


where, t* e , o> n = the statistical weights of the excited and ground states 
r = is the radiative lifetime 
v = the frequency of the exciting radiation 
T — 6000°Kj the temperature of the sun as a black body 
an( j / = dilution factor, 5.44x10”® 

The number of transitions/ il I uminatod atom /sec have been given as follows 

Rod lines 7x 10~ 10 

Green line 3 X 1 0“ n 

Thus at any height the red lines would be about 20 times more intense than the 
green line, if excited by resonance Multiplying the figure given above for red 
lines, with the values of density we give below the number of photons emitted per 
cm 3 per sec. for a few representative altitudes. 



TABLE T 



of oxygen 


Altitude 

Kmn 

1 Density ol oxygen 
| atom/env 1 (Mitrn, 

mr» 2 h) 

Number of photons 
omitted per em <| 
per sec 

100 

200 

1 .0!) X 10*2 

1 70x1001 

703 0 

12 3 

400 

1 08Xl0« 

.070 

000 

K 40x100 

. U06 


Al, high altitudes tho photon emission rednoos to an extremely small value, but 
actually we And that high sunlit rays have an emission rate ol the order of 10" 

1 , hot, on's cm- 3 see- 1 (section 1). Therefore, unless wo assume that the density 
of oxygen atoms increases by several orders of 10 at the regions concerned, the 
resonance effect utterly fails to account for the observed intensities in the aurora. 

2.3. For the resonance excitation of the first negative hands of nitrogen, 
as suggested by Wulf and Deming (193K). l>riov presence of N 2 +(X') ions is 
assumed in the process, 

Na+( X')+MA < 4708) ->N a +M') - 

At high altitudes of the sunlit rays, the presence of the N 2 + (A') ions could only be 
accounted for by the impact of the charged corpuscles on the nitrogen mo c( 
present there, Now, the particle densities at these altitudes vary from 10 to 
10° cm- 8 (vide Talile 1) of which nitrogen molecules form a small fraction, ant e 
number of N a + ions resulting from bombardment by ehax ged pai tides s i sn 
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On the whole, there will he hardly I0 2 cm" 3 of such ions at those altitudes. But 
Seaton (1954) estimated from the intensities of Ihe negative bands of sunlit aurora, 
that the number of N./ 1 ions are of the order of 2 X 1 9 7 cm a . Thus we again find 
that the concentration of the particles in the region should be considerably higher 
to account for the observed intensities 

3. MECHANISM OK MXCMTATION OF THE SPECTRUM 

II. 1. Any suggestion as regards the mechanism of excitation of the spectrum 
of the sunlit aurora has to take account of the fact that t he xihenomenon occurs 
only during occasions of auroral activity and that the presence of sunlight in the 
upper regions of the atmosphere is also necessary. Of the main atmospheric 
gases, atomic oxygen and in smaller proportion molecular nitrogen inform the 
principal constituents at the altitudes concerned ( ^200 Km.). Atomic nitrogen 
is also known to exist, but in rather small quantities Tn the region of the sunlit 
aurora, ultraviolet, light of the sun is capable of causing photo-ionisation as fol- 
lows. 


N B (*)+Ml8.7r» «V)-»N 2 + (^')4 ' 

... (4) 

N 2 (X)-HM15 58eV) — >N 2 + ( A ' ) -|- e 

... (5) 

0( n P) +hv ( 1 3 .66*V)->0+( 4 AO- + * 

(G) 


Procoss (4), first proposed by Salia(1937) to explain the excitation of the 
first negative bands in the twilight flash holds possibilities for the sunlit aurora 
also. Assuming that the sun radiates like a black body at 6000°T\, the number 
of solar quanta whose energy exceeds lS.75eV, entering the earth’s atmosphoic 
per cm 2 per sec. is only 7 4x 10 d . Therefore to account for the total ion formation, 
Saha suggested that the sol ai ultraviolet light of wavelength <6G()A (that is, 
>18 75eV) is about I0 b times more intense, thus raising thcyicld of solar quanta 
to about 10 10 -~l() n per see. If each photon produces one ion on meeting a mole- 
cule, there should be lO 10 to 10 11 ions formed per cm* column per see, provided 
there are as many molecules. At the high altitudes under consideration, however, 
the density of nitrogen molecules is much smallei (about J .93x10® cm -3 as given 
by Mitra, 1952b). Therefore, the number of ions formed through photo-ionisation 
will he too small to account for the observed intensity of the bands. The solution 
of this problem apparently lies in finding out if there is any mechanism winch 
increases the concentration of the particles at these altitudes to the right values. 

In section 1, we have drawn attention to the action of earth’s magnetic 
field in making the incident charged particles spiral round the line of force. The 
secondary ions from the processes (4) to (G) are also expected to behave in the same 
manner and cluster round individual lines of force. At the heights under considera- 
tion, the temperature is of the order of 1 000 C K and thermal velocity about jKm/sec, 
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Taking tho velocity of ions normal to H as 1 Km/sec (Mitra and Banerjee, 1939), 
and H = .45 and .32 Gauss respectively at 200 Km and 1000 Km, we get the radius 
of the Hpiral ranging from l.SxlO 2 to 4.5 x 1 0* cm . I f we consider that individual 
magnetic lines of ioree draw ions irom a distance of IKm or so, it follows that m 
the vicinity of tho lines of force, the concentration of ions increases by a factor, 

(1 Km /spiral radius)* ™ 10 5 to l() fl nearly. Thus at the high altitudes if we get 
normally 10° to 10 8 ions per cm 3 by photo-ionisation, the concentration of ions 
in narrow cylinders round the lines of force becomes of the order of 10 12 to 1() 14 
per cm 3 . 

3.3. The N 2 + {A') ions resulting from process (4) will be guided towards the 
magnetic lines ot force in the above manner, but unless the radiative life time 
is high, all the excited ions will revert to the ground state N 2 + (X') by the time 
the ions concentrate round the lines ot force Otherwise we would see the 
sunlit aurora every day like the twilight Hash. Thereafter further excitation will 
depend, upon the action of the solar corpuscular st-ieam in association with 
secondary reactions on days of auroral activity as follows 

(i) Initial excitation by charged particles : 

charged particle -»N 2 +(yT) ... (7) 

which yields the first negative bands. 

(u) Radiative recombination with electrons of the corpuscular stream or 
secondary electrons , 

0<( 4 £)+e-+0 ( a P)+7n- ... («) 

There may be excited oxygen atoms also Bates and Massey (1949) have suggested 
a c oefficient 1 5 X 10~ 12 cm 3 . sec -1 for this reaction. Tho value may be much 
higher, say, 10~ 8 cm 3 , .sec -1 in the denser columns of ions (round individual lines 
of force). 

(in) Dissociative recombination (Bates, 1949, Mitra 1952c) : 

N 2 h (Jl # )+ 6 ->N( a R)+N( 2 D) (9) 

15.58cV 3.56 2.37eV 

taking the heat of dissociation of nitrogen as 9.76eV. 

(iv) Two -body collisions between the oxygen and nitrogen atoms from 
(8) and (9) : 

0( 3 P)+N a (D)->N( 4 , < 7)+0( 1 £)) ■■■ ( 1() ) 

2.37 l ,96eV 

which yields the red forbidden lines of atomic oxygen due to the transition 
it may be seen that sufficient energy is not available to excite the 
green line i S — 1 D (4.17eV) of oxygen by collision of the second kind, 
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Normally at the high altitudes under consideration recombinations and col- 
lisions are rather infrequent, but it has to be borne in mind that above reactions 
take place in the vicinity of the lines of force, where the concentration has been 
shown to bo high enough to make recombination and collision processes 
significant. 

3.4. The proposed reactions take place in the sunlit regions of tho aurora. 
As we descend towards the base (at the boundary of tho earth’s Bhadow) in denser 
conditions, the oblique rays of the sun passing through the regions of ozone and 
oxygen absorption have their extreme ultraviolet portions comprising the ionis- 
ing photons cut off. Hence, the processes (4) to (6) cease to operate and the denser 
columns of N 2 + and CM ions do not form. Til fact, the whole series of reQ)ctions(4) 
to (10) stop functioning. This is most probably the reason why tho auroral rays 
appear to be missing near the shadow lino. Further downwards, in the dark 
atmosphere, the excitation of the aurora takes place in the normal manner. It 
is beyond the scope of tins paper to discuss the excitation processes in the ordinary 
aurora. 

3.5. We may now consider an alternative mechanism in which the initial 
ionisation is brought about by corpuscular bombardment followed by resonance 
excitation by sunlight as follows. 

(i) Corpuscular bombardment ; 

N 2 + (X)-j~ charged particle-* N 2 4 (X') * ... (11) 

0(° P)+ charged particle-* 0+( 4 £) ... (12) 

(ii) Charge transfer due to encounter with incoming protons: 

CHH+->CM +H ... (12) 

13.58 13.55eV 

As mentioned in section 3, the ions resulting from (10), (11) and (12) will 
spiral round the individual Hues of force and increase the concentration by aboul 
a million times. Thereafter we have the following reactions in the vicinity of the 


lines of force. 


(iii) 

Radiative recombination : 



0 + +e-* O+hv 

... w 

(iv) 

Resonance excitation by solar radiation : 



N 2 +(X')+MA < 4708)-* N 2 +(4') 

... (3) 


Om+hv(A < 6300)-* O^D) 

... (1) 


O (*P)+fcv(A < 2972)-> O^S) 

... (2) 


The reactions (1), (2) and (3) have been advocated by Wulf and Deming (1938), 
Bates, (1949), and Mitra (1952d). It has, however, been already shown that in 
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the tenuous conditions of the regions of the sunlit aurora, adequate photon 
emission through resonance excitation is not possible unless the concentration 
of the particles takes place as discussed in section 3. 

In the resonance mechanisms (L) and (3) the visible photons of the solar radia- 
tion take the most important part Considering the fact that the visible radia- 
tion is capable of penetrating through the boundary nl‘ the earth’s shadow down to 
lower altitudes the resonance mechanism is unable to explain why a portion 
of the auroral rays is found to be completely missing at the shadow line. 
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A NEW PARTICLE ACCELERATOR | 

YATENDRA PAL VARSHNI 


Depart mn >tt op Physics, Ali.aiiauad University, Au.aharah 
(lieeeived for publication, February 1. H)57) 

Within a few years of the construction of the first cyclotron, it was realized 
(Bethe and Rose, 1937) that it will not be possible to accelerate ions by means of 
the eye lo Iron beyond a certain limit on account of the relativistic increase in mass 
of the accelerated particles at high velocities and the consequent departure from 
resonance. 

In 1945 McMillan (1945,1 940) and Veksler (1945. 1946) proposed to over- 
come this difficulty by varying the frequency of the acceleiating potential and/or 
the magnetic field. This led to the construction of synchrocyclotron and electron 
and proton synchrotrons. In meant years interest is growing on Alternate 
Gradient Focusing (Livinston 1954, Courant el. al 1952, Christofilos 1950). 

The present letter suggests a new method thal overcomes the relativistic 
limitation to accelerations by means of cyclotrons by changing the shape of the 
dees. 

The essential principle can be explained as follows (see figure 1 ) : 


* 


V 

GAP BETWEEN 
THE DEES 



Fig. 1. 
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Consider the motion of a particle, in a cyclotron, having energy m a region 
whore relativistic effects become important, and is just getting out of phase with 
the accelerating potential on the other dec I).,. Let its position in such a situation 
be P (the effect has been exaggerated in Iho diagram). Then it is obvious that if 
it had not to traverse the remaining distance in the dee D x it would have been 
accelerated in the right phase. This can be achieved by changing the shape of the 
dees. The proposed shape is shown in figure 2. With such a shape of the dees, the 



2 . 

particle will bo further accelerated in the right phase During its motion in S z 
there will be a further lag which is compensated in a similar manner by 8 ± , and 
so oil. Thus the particle will always arrive in the gap between the dees after 
exactly equal time intervals. Ultimately the dees will he spiral shaped as shown 
in figure 3 (only revolutions of the spirals have been shown; there may be 
many more). It may be noted that the flees spiial in the direction opposite to 
the direction of motion of the particle. 

Let E 0 — wi„c* rest energy of the particle 

T == Kinetic energy 
e — Charge of the particle 
B — Magnetic field 

r ~ Radius of the path of the particle. 



7 


Fig 3. 
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Then the angle tj> made by the particle inside a dee after each acceleration 
is given by 


6 = 

v i+m o 

and the radius r is determined by the equation 
T*+'2TE 9 = cWiV 


... ( 1 ) 


( 2 ) 


Knowing (j) and r from equations (1) and (2), the exact shape of the spiral 
decs can be calculated. 

This accelerator will have the advantage that, unlike synchrocyclotron and 
synchrotron which have a low average ion output (about 1 % of the conventional 
cyclotron), it will give the average output of the same order as a cyclotron: 

The suggested accelerator may be called the “Spiratron” (short form of 
Spiralo tron.). 

The slanting nature of the spiratron deos may lead to greater radial oscillations 
of the particle than in the case of cyclotron. This can be countered by the well- 
known technique of using radially decreasing field : 

B = B o (r 0 lry ' ... (3) 

where 0 < n < 1. Equation (2) would be accordmgly modified. Such a field 
provides restoring forces for radial displacements. A high decs voltage would also 
be helpful in minimising radial oscillations. The details of the focusing conditions 
are being studied. 
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9. THE ULTRAVIOLET ABSORPTION SPECTRA OF o,m , 
ju-FLUOROIODO-AND BROMOCHLOROBENZENES 


a L. N. G. KllTSHNAMACUAM 

Physics Dept. Andhra University, Waltaiii 
(Received for publication , 11 , 1057 ) 

In continuation oT the work on the ultraviolet absorption spectra of o, m,p- 
flnorochloro and fluorobromobenzencs (author, J!)55, 1950), the ultraviolet 
absorption spectra of o, m f p-fluoroiodo and broniochlorobenzeucs are investigated 
in the vapour state. The fhioroiodobenzencs Here kindly presented bv Dr. G. 0. 
Finger of the Illinois State Geological Survey and the broniochlorobenzencs were 
prepared by the author adopting the procedure suggested by Hartwell (1944) 
tor the ortho and meta compounds and that' suggested by Fry and Grote (1920) 
tor the para, compound. The earlier work on these compounds relates to that, 
ot Oonrad-Billroth (1930) who studied the ultraviolet absorption spectra of p- 
iluoroiodo and o, m, p-bromoehlorobenzenes in bexauc solution, and of Dima and 
Tinted (1940) who studied the vapour absorption spectrum of p-bromochloroben- 
zene. The latter authors identified only three frccpiencies in the upper state. 

The experimental set up employed was described in the previous reports In 
the ease of the fluororodobenzoiies the absorption spectra consist of a few diffuse 
patches in ouch case, which repeat uith approximately 900, 950 and 1000 cm -1 
intervals in the ortho, meta and jiaia compounds respectively, the one lying on 
the longest wavelength side (0, 0 band of the system) being at 3fit)70, 30000 and 
35820 cur -1 for the three compounds in the above order. In the case oi the bromo- 
rhlorobenzen.es the absorption spectra consist of a large numbej of discrete bands 
The absorption spectra of the o, m, ^-compounds resemble those of the corres- 
ponding isomers of dichlorobenzene (Spoiler, 1942) and Anno and Matubara, 1955). 
The characteristic features of the absorption spectra are given in Table I and the 
correlation between the ground and excited state frequencies and their assignments 
are given in Table II. 

Bor all the six molecules, the long wavelength edge of the continuous absorp- 
tion spectrum on the lower wavelength side (below 2150 A) was also observed, 
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TABLE I 

Characteristic features of the ultraviolet absorption of o, m, ^-bromochloro- 

ben zones 



Region ot 
absorption 

Number of 
hands 

0, 0 band 

Pinnunont 
v-v separa- 
tions 

Nature of 
the oloe- 
fronie 
hansifion 

Ortlio 

2850— 2600A 

120 

36178cm 

63 cm 

A'-A' 

Mel a 

2850-2500A 

100 

36120am 

66em 

A '-A' 

Put a 

2900-2550A 

100 

3.760 loin 

23 mil 

A, Hi 


TABLE 11 


Ground and excited state frequencies of o, r«, ^-bromochlorobeiiizenes 



Raman data 

A r Tut. P 

11 .V 
(.round 

. abs. da* a 
Excited 

4 

Assignment , 

Ortho 

(Author) 
142 vs, b 

90 



(Author) 

77 vw 

C-Br non planar bonding 


165 s, sh 

85 

166 

12J w 

C Rr planar bending 


281 ms, sli 

.65 

282 

106 m\\, d 

C-C -(' planai bending 


441 ms, d 

.20 

— 

416 ms, sh 

(J-Ilr bt ret clung 


645 s, sh 

.30 

648 

688 m, hli 

C-CJ fatiol clung 


1036 vs 

. 10 

1030 

055 s,.sh 

C-C stretching 


1122 s 

.20 

— 

1034 m.fah 

C H ]ilanur bonding 


1161 ms, sh 

.85 

— 

1060 ms, sh 



1570 s 

.90 

- 

1481 mw, d 

C-C fatrutelnng 

Meta 

(Author) 

167 vs, b 

.00 



06 \v d 

(J-Br mmplanar bonding 


205 s,d 

.90 

— 

181 w, cl 

C-Br jilanar bending 


301 vs, sh 

.40 

— 

287 nnv, d 

C C-C planar bond mg 


421 s 

.55 

430 

378 mw 

C-Br htrel riling 


654 s, vsh 

.45 

654 

661 mw , d 

C-C 3 hi re tf lung 


995 vs, sh 

.15 

906 

060 vs, sli 

C-C strut uliing (breathing) 


1101 ms, sh 

20 

— 

1075 b 

C-H planat bonding 

Para 

(Paulsen, 1939) 
260 (4) 

.25 

— 

223 mw 

C-O-C jilanar bonding 


335 (0, 0) 

.65 

— 

283 m 

C-Br Htretf.liing 


625 (H) 

83 

632 

526 m 

C-C— C jilanar bending 


733 (6) 

. G4 

735 

711 iub 

C-Cl stretching 


1087 (6) 

.12 

1002 

1022 v& 

C— C stroctclung 


1168 (1$) 

.33 

- 

1056 b 

C-K planar bonding 


1569 (3b) 

.77 


14d 9 s 

C-C stretching 
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TECHNIQUES GENEKALES DU LABORATOIRE DE PHYSIQUE— By 
J. Surugue, Vol. I, 2nd Edition (In French). Pp. 671. Centre National 
de la Recherche Scientifiquc, 13, Quai Antole-France, Pans 7, 1965, Price 
2,400.00 Francs. 

As pointed out by Professor Frederic Joliot Curie, N. L. in the Preface this 
volume gives some information collected by various workers regarding the worth 
and convenience of different experimental methods by practical experience and 
published in scientific literature. This book consists of ten chapters written by 
different authors. The first chapter t dealing with general principles of construc- 
tion of scientific apparatus, is written hv E Gondet. The second chapter on 
principles of glass blowing is written by Ch. Ainate. In the third Chapter J. 
Surugue has discussed the vacuum technique. The fourth chapter written by 
G. Ribaud and A. Moutet deals with production and measurement of high tem- 
perature. The fifth chapter on general technique used in optical laboratories is 
written by A. Arnulf, The sixth chapter written by G. Dupuy deals with light 
sources and light filters. The seventh chapter by A. Lallemand and M. Munsch 
deals with photoelectric cells. Chapter VIII dealing with methods of registering 
is written by H Gondet In Chapter TX, M, Demontvignier has discussed various 
methods of regulation and rectification of voltage and current. The last 
chapter written by K. R. Huchet covers J3I pages and deals with electric circuits 
and vacuum tubes. Unlike oilier chapters, the last chapter includes almost 
exhaustive theoretical discussious about nature of wireless singnals and func- 
tions of various parts of wireless circuits. 

Tho language in which the book is wrdleu vill limit its usefulness, but those 
engaged in experimental research voik in a physical laboratory will no doubt 
find a store of useful information in this volume. 

S. C. S. 
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A NOTE ON THE VALIDITY OF THE REVISED 
ROTATIONAL STRUCTURE CONSTANTS OF 
GREEN-YELLOW SYSTEM OF VO BANDS 

N. K. TAWDE and N. SREEDRAUA MlTKTIiY 

Depaktment ok Phykuh, Kaunatak Univuiirlty. Dhahwau 
{Received for imbliuthou, Oaolur 24 , ]«).%) 

ABSTRACT. I ho intensity distnlmtion of tlu> green-yellow system of VO Lamia mul 
Lho transition probabilities studied in Wins of the revved lulalioiml structure constants 
recently announced by Lageiqvist and Seim have proved I he untemibility of the old eunslunts 
( ,f Mu-hunt 1 and the valiihi-y of the lovisod ones This has boon verified from the slundj.omt 
"I asymmetry of molecules and intomuelear separations in oloctionn stall's of lho l)nnd 
systems of analogous oxides AlO, BO and TiO 

law tie and Uhandratrcya (195.)) have recently reported some results on 
asymmetry effect in Hutchisson’s theory of transition probabilities by investi- 
gating the intensity distribution us a function of mass asymmetry in bunds of 
some analogous oxides Alt) - X 2 S+), BO (if 2 £+— X 2 2D), TjO (C 3 1I - X 3 11) 

and VO (greeu-yelW system). This study involved the use of accurate vibra- 
tional and rotational analyses constants ol the band systems chosen for the mole- 
cules. in that paper a very serious misfit ol results of VO with other hand 
systems is noticed in respect of the conclusions drawn, regarding the mass asym- 
metry on transition probabilities. Chandratrcya (1953) also had drawn pointed 
attention to VO, showing its anomaly -with respect to other oxides studied in 
the above series. The anomaly or misfit is in respect ol the expected magnitude 
of agreement of theoretical predictions with experimental results, depending 
on the asymmetry of the molecule. While Ti 48 () ia with its mass asymmetry 
3.0 (defined here as the ratio of the heavier to the lighter atomic mass in the 
molecule) gave 33% agreement, the molecule V 51 0 lfl with comparable mass 
asymmetry 3.2 gave only 17% agreement. The latter should have been generally 
of the same order as in TiO. 

It is now possible to explain this anomaly in the light of the recent revision, 
by fresh analysis, of the rotational structure constants of VO, by Lagerqvist- and 
Nelm (1955). As a rosult of this revision,* the new constants take the following 
magnitude (Table 1) against the old ones of Mali anti (1935). 

* In a private communication to this laboratory, Dr. Ldgerqvisl mfoiftih that the Uunsi- 
I m in 0 f VO (green-yellow system), as reported m their advance announcement of 

tlio revision of tho structure analysis, may not sustain as a result of their further mvostign- 
tum. The final detailed paper of Dr. Lagerqvist. is exported to be out sometime hence. 
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TABLE I 


VO 

HtirttO 1 

Muhu.nl i 

Lagerqvist & 
Sehn 

! 

! 


Upper r e ' 

2 033 A ; 

1.07 A 

Lowoi re" i 

J . 890 „ 

1.09 „ 

A r e 

0.143 „ ! 

0.08 „ 


The transition probabilities of this system havo been recalculated, using 
the new rotational constants of Lagerqvist and Selin by Hutchisson’s (1930) 
theory and verified at the same time by Manneback’s (1951) easier technique. 
The following Table 11 gives these calculations, side by side with the earlier data 
(under Mahanti’s constants) and the experimental derivations by Talwde and 
Chandratreya (1955). 


TABLE 11 



1 

Transition piobubilil ics 1 

Ti ansi lion piohahilitics 

Band 

Theoretical 

Rxpeu- 
monl al 

Hand 

Theoretic al 

Kxpon* 

v' o " 

Old 

constants 

(M) 

New 

constants 

(b*») 

r’ v" 

Old 

constants 

(M) 

New 

c onstants 
(b&S) 


0,0 

0.1 1 

0 U 

o.;ss 

1,4 

0.10 

0. 15 

0 31 

0,1 

0.27 

0.31 

0 30 

1,5 

(0 50) 

0 08 

(0 01) 

0,2 

0 07 

0.20 

0.-15 

2,0 

0 50 

0 20 

0 2.) 

0,3 

0.98 

0 09 

(1 48 


0.26 

0 20 

0.17 

0,4 

0.48 

0.03 

0 20 

2,2 , 

0.00i 

0. 1 1 

0 40 

1,0 

(0.34) 

0 40 

(0 11) \ 

1 

2,4 ! 

(U 2«) 

0 10 

(0 24) 

1,1 

0.43 

0 00 8 

0 00 

2,5 i 

0 07 

o.io ; 

0 39 

1,2 

0 . 32 

0 J2 

0.14 : 

3,1 i 

0 04 ! 

i 0.29 

0.41 

1,3 

0.02 

0 . 20 

| 

0 51 

4,4 

0. 10 

! 0J1 j 

0 25 


Note, : (i) M — Muhanti; (L & S) - Lugorqvial and Selin. 

(ii) Pairs of values in italics and in parenthesis arc to bo considered close for agree- 
ment respectively in the lolevant columns. 

It is evident that agreement between the theory ami experiment with the 
use of new constants, goes up from 3 bands under the old constants to 6' bands 
under the new ones in the wholo set of 18 bands measured, thus causing the 
percentage to increase from 17 to about 33, tho same as in TiO as one should 




Revised Rotational Structure Constants of VO bands 393 

expect. Thus the anomaly indicated disappears. It shows that, the old constants 
were largely in error and supports the eoiTectness of the now analysis of Lager- 
qvist and Selin. Herzberg (1950), too. had made a note expressmg doubt about 
the earlier analysis of the band system and tins doubt now stands verified from 
the independent considerations of intensity aspects presented through the change 
from old to revised constants. 

Tawde and Chandratreya (J95G) have shown another instance of misfit of 
VO in the intensity distribution, in its dependence on the mternucloar separa- 
tions in the two states of the system This misfit also disappears on adopting 
the new constants. The earlier state of aftan\s and the new situation are 
given below (Table III) in relation to TiO system which stands comparable 
with VO in difference m respect of the intornueJcar separations A r e as given 
by the new analysis. 


TABLE III 



TiO ! 

VO 

A *Y hi A 

U 075 

o os ! o.ua 


| 

(Now) (Old) 

Porroiitugo 

™ ! 

33 j 17 

agreoniont- 


1 


These results on the TiO and VO also fit in fairly well with the other band 
systems investigated, viz., BO and AlO, except for the incompatibility of the 
parabola (i.e. its width and disposition) in its dependence on A r e . While Ar f 
(with the new constants of VO) increases in the order AlO (0.049), TiO (0.075), 
VO (0.08) and BO (0.1065), the parabola vidth and the axis change systemati- 
cally in the order AlO, TiO, BO and VO according to the findings of Chandra- 
treya (1953). That means VO does not keep adjacent to TiO, as it should, from 
considerations of transition probabilities and asymmetry. Except for this 
slight incompatibility, the results, in general, favour the untonability of the 
old constants and the validity of the revised ones from the various independent 
aspects examined here. 
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Plate IX 

ABSTRACT. The Raman spectra of «- and y-pioolmo ami of thou solutions in 
alcohol at different temperatures in liquid ami solid states have been i lives ligated and the 
results have been compared with those obtained by previous woikers (or benzene, pyridine 
and toluene in difforont states il has been observed that when these compounds are solidi- 
fied and cooled to — J80°C a few new low-frequency Raman lines appeal in each ease, but 
they disappear when the molecules are dispersed in frozen ethyl alcohol Some of the 
prommnnl Raman frequencies of both the molecules are found to mnease with dissolution 
of the liquids in alcohol and also with solidification m (he ease ol o-picolme On comparing 
these results with those reported earlier lor toluene, it has heen concluded that the low- 
Iroquenoy lines are produced not by oidinary lattice field but by small groups of molecules 
present in tho crystals. Assignment of some of the piominenl Raman liequeneies has been 
made and it lias been concluded that the average (Ml bond stiength in the pyndmo ring 
increases with the substitution of a hydrogen atom by CH, gtoup, wdh dissolution in alcohol 
and with solidification. 


I N T R O D U C T I O N 

The Raman spectra of pyridine and its solutions in ethyl alcohol at different 
1 emperatures and in different states were investigated recently (Kastha, 1 9506). 
Tt was observed that the four new Raman lines of low frequency-shifts, which 
appear m the spectrum due to the pure crystals at - 180°0, arc replaced by a 
moderately strong band with a frequency shift of 95 cm” 1 in the case of 38% and 
50% frozen solutions of pyridine in alcohol. Similar results were obtained in the 
case of 81% frozen solution of toluene in alcohol, but when the concentration 
was reduced to 35% the band at 95 cm 1 spread out into a continuous wing. 
Biswas and Sirkar (1957) observed that when 81% solution of toluene in ethyl 
alcohol is frozen, the frozen mass is amorphous and also the number of frozen-in 
<y bo tactic groups of toluene molecules is very small m comparison with that m 
f lie pure liquid. It was concluded from these results that the low-frequency Raman 
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lines originate from vibrations in associated groups of molecules formed in tl„ 
puro substances in the solid state and the disappearance of these lines 
the case of molecules of the substances dispersed in rigid glass at — 1H0°C is due 1 ( , 
brooking up of these associated groups. The new band at 35 cm- 1 was thus due 
to groups formed by the association of' toluene molecules with alcohol molecules 
in the frozen solutions and not due to any crystalline substance. The results 
obtained with pyridine were also explained on the same hypothesis. In the case 1 
of solutions of pyridine in alcohol in the solid state, the formation of pyridine- 
alcohol complex may be due to the linking of a non -bonding electron of the 
nitrogen atom with the hydroxyl group of a neighbouring alcohol molecule 
(Kastha, 1956ft). 

It would be of interest to extend the investigations to methyhpyridines 
(picolines) which arc expected to behave like pyridine, because these molecules 
possess in the ring a nitrogen atom with non-bonding electrons. With this object 
in view the Raman spectra of a-and y- pi online and their solutions in ethyl alcohol 
at different temperatures both in liquid and solid states have been investigated 
and the results have been compared with those of similar investigations with 
pyridine and toluene. An attempt has been made to assign the frequencies 
observed in the spectra duo to a- and y-pieolino to the different vi (national modes 
of the ring. All these results have been discussed in the present paper. 

EXPERI M M NT A L 

Chemically pure samples of at- and y- picoline were procured from sonic 
German firms and were further purified by distillation under reduced pressure. 
Ethyl alcohol purified in the same way was used as the solvent. The Raman 
spectra of the pure liquids, of their 25% solutions in ethyl alcohol in the liquid 
state at 25°C and in the solid state at — 180°0 were photographed in the same 
way as in the case of frozen solutions of toluene in ethyl alcohol (Kastha, lOfilir/). 
The spectra of pure a- and y-pieoline in the solid state and of 70% solution of 
y-picoline in alcohol at — ]H0°C were also photographed using the usual arrange- 
ment. A Fuess spectrograph having a dispersion of 11 A/mm in the region 
A4047A and Ilford Zenith plates were used for photographing the Raman spectra. 

RESU L TK AND DTSCUSSIO N 

Spectrograms showing the low frequency Raman lines due to a- and y-picoline 
in the solid state at — 180°C in the region A4047A are reproduced in enlarged 
forms in figures 1(a) and 2(a), Plate IX. Spectrograms of the corresponding 
regions for the frozen 25% solutions of a- and y-picoline in alcohol are reproduced 
in figures 1(b), 2(b), Plate IX respectively. The line at 810 onr 1 due to the 
molecules has also been included in the spectrograms for comparison of 
intensities. 
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The Raman frequencies tor a- and y-picoline in the liquid state at 25°C and in 
the solid state at — 180°0 together with those for the 25% solutions of these com- 
pounds in alcohol at different temperatures are given m Tables 1 and II. The 
Raman frequencies for pure toluene in the solid state at - 1S0°C have also been 
included in each table for comparison. In the case of solutions the lines due 
to the solvent have been excluded. The Raman frequencies observed in the case 
of a-picolino agree well with those reported by Ronino d at (1933) while those for 
y- picoline are most probably reported lor the lira! time. These latter frequencies 
arc found to agree with those deduced from the infra-red absorption curve of 
y-picoline reproduced by Barnes ct a l (1944). 

(a) Assignment of some of the Raman lines 

It can be seen from Tables I and II that there are great similarities between 
the spectra of the methyl pyridines and toluene. If the methyl group is treated 
as a single atom then toluene and y-pioolmo both have the symmetry C*,. Pitzer 
and Scott (1943) have assigned all the frequencies observed m toluene to different 
vibrational modes m the molecule and have compared those modes with those of 
the benzene molecule. Similar assignments can he made of the corresponding 
lines observed m the two substituted pyridine compounds. A comparison of the 
Irequeiicios in picolines with those obtained in toluene suggests that the lines at 
542 and 030 cm- 1 of a-picolino and the corresponding frequencies 518 and 672 
cur i due to the y-compound may be assigned to the two modes arising from the 
f vibration of frequency 606 cm 1 in the benzene molecule In either case the 
smaller frequency may be attributed to that component of the e a „ vibration of 
the benzene ling which is symmetric to the C % axis while the higher frequency 
iu a v belong to the c omponent antisymmetric to the C. z axis. In the lormer mode 
all the atoms in the ring are displaced, whereas, in the latter mode two diametri- 
cally opposite atoms remain stationary. The frequency 072 cur observed m 
the case of y-picolinc due to the anti-symmetric mode inchoates a larger value o 
the average C C bond strength in the ring in comparison with that m the benzene 
rmg. Ill the easo of a-picoline the frequency of to mode - B 30 cm- probably 

because the heavier nitrogen atom takes part in the displacements As rega d, 
the mode symmetric to the two-fold axis of symmetry mentioned above th 
situation in y-picoline is similar to that in toluene except that in the o.nmr ease 
there are displacements in opposite directions of a nitrogen atom at the end 
diameter and of a C-CH. group at the other end in place of a carbon a on, and 
a group respectively in those two positions m the toluene mo • 

ii c<|uency observed is 520 cm- in both the case probably 

Wul strength hi the y-P* p "crXm « a carbon aton, at the 

tr— 

value of the C- C bond strength, increases the tiupnucj 
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mode to 542 cur 1 in the former case. So, these frequencies in the two picolines 
definitely indicate a larger value of the average C-C bond strength in the ring 
of the pieolines. In the case of pyridine also there are two frequencies at 652 
cm" 1 and 603 cm -1 respectively and those may also be attributed to the antisym- 
metric and Hvmmetiic compdhents of the e 2g mode mentioned above. In this 




TABLE I 





a-Picoiine 

Av in cm -1 



Lk|iiu1 | 

Solid 

25% solution 

in alcohol j 

Solid 

a-pieoline i 

a-pioolinc | 



toluene 

at 25 l (! 


25 U C 

— 1 80°C 

at — 180 U C 

(KayAlOOO) 

Corit muons 

45 (2) 

('untmuous 


47 (fc) 

wing 


wing 


, 

extending 

70 (2) 

extending 


60 (2) 

uplo 


upto 



100 cm- 1 

O’? (*) 

100 cm-i 


80 (l) 





108 (2) 





127 (0) 

213 (2b) 

210 (1) 

212 (2b) 

212 (2) 

220 (2) 

542 (3) 

550 (2) 

550 (4) 

550 (3) 

520 (2) 

030 (l) 

034 (0) 

033 (1) 

033 (1) 

023 (2) 





788 (5) 

K10 (3) 

Hll (4) 

810 (4) 

810 (4) 



087 (1) 




•IDS (10) 

1005 (5) 

1010 (0) 

1010 (0) 

1005 (10) 

lord (io) 

1057 (5) 

1053 (fl) 

1053 (0) 

1033 (4) 

123!) (3) 

1241 (2b) 

1240 (3) 

1240 (2) 

1217 (3) 

1298 (1) 

1208 (l) 




1 380 (2) 

1382 (1) 

1382 (1) 

1382 (1) 

1380 (2) 

1571 (2) 

1572 (2) 

1572 (2) 

1572 (2) 

1592 (3) 

1505 (2) 

1595 (2) 

1595 (2) 

1595 (2) 

1008 (3) 





2865 (0b) 

2!)2s ( t) 

2028 (6) 

Other Ratautn linos m 
this region have been 

2921 (5) 


2900 (1) 

overlapped by linos due 

2980 (0) 



to the solvent 

3054 (8) 

3030 (l) 



3030 (3) 

3000 (8) 



3000 (8) 


3000 (s) 
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TABLE II 
y-Picolim* 

Av in cm- 1 


Liquid 

Solid 

25% solution in alcohol 

1 Solid 

toluene 

1 at — 1 80°C 

y-picolino 
at 25°0. 

Y-pioohne 
at — I80°C 



25°(J 1 

I 

-1H0 P C 



1 (Ray. 1950) 

Continuous 


Conti nun uk 


47 (2) 

wing 


wmg 


extending 

05 (Oil) 

extending 


66 (2) 

upto 


ujilo 


100 cha -1 

no (o) 

100 rm-i 


80(1) 





108 (2) 





127 (0) 

2I<> (2) 

210 (U) 

2190 (0b) 

210 (0b) 

220 (2) 

3‘.2 (0) 





r»i s (2) 

518 (0) 

523 (2) 

523 (1) 

520 (2) 

072 (3) 

073 (2) 

073 (2) 

073 (2) 

023 (2) 

SI 2 (ft) 

812 (4) 

810 (4) 

813 (3) 

788 (5) 


073 (0) 




005 (S) 

005 (») 

1005 (0) 

1010 (0) 

1005 (10) 

1000 (0) 

1070 (1) 



1033 (4) 

1224 (40) 

1225 (3) 

1224 (lb) 

1224 (0b) 

1217 (3) 

1383 (1) 

1 383 (0) 

1 383 (1) 

1384 (0) 

1380 (2) 

1570 (1) 

1570 (0) 

1570 (0) 

1371 (0) 

1392 (3) 

100S (3) 

1010 (2) 

1012 (3) 

1012 (3) 

1008 (3) 





2805 (Ob) 

2028 (4h) 

2020 (3) 



2921 (ft) 

Ollier Raman 

lines Hi 




tlm region have been 

2980 (0) 



overlapped by 1 

men due 

3030 (3) 

3038 (1) 

3038 (1) 

to the solvent 

3032 (Ob) 

3054 (0) 



3000 (8) 


case also the average 0-0 bond strength is larger than that in benzene ring and 
loss than that in the ring of the pi colines. Incidentally, it might be pointed 
out. that. Kohlrauseh (1935) assigned the frequency 603 cm -1 to the symmetric 
mode but did not assign the line at 652 cm -1 which is totally depolarised. 

It is observed that, in the Raman spectra of both the picolincs m the liquid 
sl : 'te, there is a line with frequency -shift about 995 cm -1 which is slightly higher 
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than, the frequency of the breathing vibration of tho benzene riug. Evidently, 
the motion of the CH 3 group in the ring during the breathing vibration of the ring 
compensates for the increased value of the C-0 bond strength and the frequency 
remains almost the same. However, the frequency is lightly higher in tho case of 
a-picoline than in the case of y pioolme. This difference is apparently due to 
the different positions of the heavy CH 3 group with respect to the nitrogen atom 
in the two molecules 

Similar agruments will show that in the ease of toluene also the C-C bond 
strength in the ring is greater than that in tho benzene ring. Thus the results 
due to picolines indicate that the C-0 bond strength in the picolincs is slightly 
larger than that in toluene and much larger than that in benzenej. 

The Raman frequency 810 cnr J , which is observed in the spectra due to both 
the picolines, may bo due to a mode coirespondiug to r 1u mode of tne benzene 
ring which has a frequency of 1030 cm' 1 . As the line is intense it cannot be as- 
signed to the mode b lu of benzene of frequency 1010 cm h \ 

The c j 2g mode involving only C-C stretching of frequency 1580 cm 1 in the 
benzene ring splits up into two equally strong components at 1575 and 1595 cm 1 
in tho case of a-pieohne in the liquid state but in the case of y-picoline these two 
components are at 1570 and 1608 cm J respectively, the former component being 
much weaker than the latter. 

It can be seen from Tables I and 11 that in place of the twd Raman frequencies 
1051 and 1239 enr 1 of a-pieolino, y-picolinc shows two lines at J 000 and 1224 
cm -1 respectively. In the former case the two lines are evidently due to the 
two modes corresponding to t he two components of the e 2tf mode of benzene 
of frequency 1178 cm -1 in which both stretching of the C-C bond and bending 
of the C-H bond are involved. One of t hese increases to 1239 cm -1 in a-picohnc 
and to 1224 cm -1 in the y-piolinc molecule because the C-C bond strength is 
larger in these molecules. The heavier Cfl 3 group in place of the H-atom lowers 
the frequency of the other components to about 1055 cm -1 in both the molecules 
In the case of y-picolinc, however, the line due to the latter component has a ven 
small intensity. 

As pointed out by previous workers (Pitzer and Scott, 1943) the line in the 
region 216 cm -1 is also observed m the case ol toluene and it is due to the mode 
corresponding to the a 2u mode of benzene. Similarly, the faint line at 352 cm 1 
due to y-pieolinc is duo to a mode corresponding to a component of the e lu , mode 
of benzene in which both stretching and bending of C-H bond are involved 
In this case the heavior CH 3 group lowers the frequency enormously. 

As regards the mode corresponding to one of the components of e 2(f mode ol 
benzene in which only C-H stretching is involved, the C-CH 3 group hi place ol 
CH group may reduce the frequency to about 1220 cm -1 in y-picoline as in 
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the case of toluene (Pitzer and Scott, 1943). This lino is then superposed on the 
line at 1224 cm -1 mentioned above to produce a broad band. The line flue to the 
other component is probably superposed on the line 3052 cm" 1 making the line 
broad in the case of y-picoline and in the case of a-pioolinc it is at 3054 cm 1 
being just resolved from the line 3000 cm 1 due to the totally symmetric C-H 
stretching oscillation. 

It can be seen from Table J that the molecular frequency at 90S cm 1 observed 
in the spectrum, due to a-picoline in the liquid state shifts to 1010 cm 1 in the ease 
of the 25% solution in alcohol at 25°C, and when the solution is frozen and cooled 
to — 180°C no further shift in the position of this line is observed In the case 
of the y-eompound, however, it is found that the .lino at 095 onr 1 due to the jiure 
liquid shifts to 1005 cm 1 in the case of the 25% solution m alcohol at 25 u 0 and 
the lino further shifts to 1010 cm -1 when the solution is frozen al — 180"O (Table 
II). These changes in the breathmg vibration of the ring m the case of both the 
compounds indicate ilie influence of a stroug perturbation acting cm the ring. 
This perturbation may be due to formation of complexes through the linking of 
a non-bondmg sp 2 electron of the nitrogen atom in the ring of the picolinc 
molecule with an OH group of a neigh boiiring alcohol molecule in the solution, 
li appears that the formation of such complexes increases the average 0-0 bond 
strength in the ring 

(b) Molecular frequencies at - ISO'Y 1 ■ 

A comparison of the Raman frequencies given in Table I lor a-picolme in the 
liquid and solid states shows that the frequencies at 542, 630, 998 and 1051 cm' 1 
observed in the spectrum due to the liquid shift to 550, 034, 1005 and 1057 cm -1 
respectively when the liquid is solidified ami cooled to — 180°0. Also, the line 
at 3054 urn -1 of the liquid probably merges into the line at 3060 cm 1 in the solid 
state. Moreover, two new frequencies at 987 and 2900 cm -1 appear in the spec- 
trum of the pure solid at — 1S()°C. No such changes are observed in the case of 
y-picoline excepting the appearance of a very weak new line at 973 cm' 1 in the 
spectrum of the pure crystal. This line is much weaker than the corresponding 
line at 987 em ] observed in the case of a-picoJino. Those two lines may originate 
li oni the 6 1U mode of frequency 1010 cm - 1 in benzene. Though this mode is 
Cor bidden in the Raman spectrum of benzene, it may appear in the Raman spectra 
of the picolines in the solid state if the rings are distorted in the crystals owing 
probably to the formation of some virtual linkages through the non-bondmg 
electrons of the nitrogen atom. Such a bond formation would increase slightly 
the 0-0 bond strength and the increase in frequencies of the vibration corres- 
ponding to the a lt and e a , modes of benzene mentioned above with the solidifica- 
l ion of the liquids may bo due to such an increase in the bond strength. As pointed 
out earlier, substitution of the OR, group in the pyridine molecule increases some 
of the frequencies only in the case of a-picoline but not in the case of y-picoline, 
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So, even if there is formation of virtual bonds in y-picoline. So, even if there 
is a formation of virtual bonds in y-pieoline with solidification not much change 
is expected to occur in the molecular frequencies of y-picoline. 

(c) Low-frequency Raman linen at — 18(W. : 

In the case of a-pieoline (figure la, Plate IX) three new lines with frequency 
shifts 45, 70 and 97 cm -1 appear when the liquid is frozen and cooled to — 1 80°C, 
The line at 97 cm -3 is strong, its intensity being equal to that of the molecular 
line at 811 cm -1 . In the case of y-picoline in the solid state at — 180°C only two 
lines are observed at 65 and 110 cm - 3 respectively (figure 2a, Plate IX). Of these, 
the line at 110 cm -1 is stronger than the line 65 cm -1 and also than the molecular 
line at 811 enr 1 , In this connection il would be interesting to compare the 
number of low-frequcncv Raman lines observed in the case, of bcnzemA pyridine, 
methyl pyri dines and toluene in the solid state at — 180°0. These) data are 
given in Table III, from which it can he scon that the number of low-frequency 
Raman lines in pyridine is less than that in benzene though they have identical 
molecular structures and also probably belong to the same crystal system. 

TABLE III 

Low frequency lines at — I8(V’0 


Compounds 

i 

I 


A v n» eta - 1 



Honzono 

(Sirkai & Kay, 1 950) 

j 47(1) 

53 (2) 

78 (5) 

95 (lb) 

134 (3) 

Pyri d mo 
(Kastha, 1956b) 


58 (3) 

82 (3) 

97 (3) 

137(1) 

Toluene 
(Ray, 1950) 

47 (2) 

66 (2) 

86 (1) 

108 (2) 

127 (0) 

a-picohno 

45 (2) 

70 (2) 

97 (4) 



y-picolino 


65 (0b) 


1J0 (4) 



Methyl pyridiucs which have structures similar to that of toluene yield lesser 
number of Raman lines than toluene. On the other hand, crystals of toluene 
at — 180°C produce the same number of low frequency lines as benzene at the same 
temperature. These facts Rhow that the lines cannot be due to angular oscilla- 
tions in the lattice, because they are not very much dependent on the moment 
of inertia of the molecule but their number depends on the symmetry of the substi- 
tuted ring. Tn the case of pyridine the non-bonding electrons of the nitrogen 
atom make the ring different from the benzene ring, So only four low-frequency 
lines are observed in the spectrum due to the crystals of pyridine. On the othoi 
hand, results due to the frozen solutions of picolines in ethyl alcohol show that 
the low-frequcncy lines disappear when the molecules are dispersed in rigid glass 
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PLATE IX 



Fig. i. (a). 
Fig. i. (b)- 
Fig. 2. (a). 
Fig. 2. (b). 


Fig 2. 

Raman spectra of picolines 
ff-Picolinr in the solid state at — i8o°C 
2 >i% Solution of a-picoline in ethyl alcohol at - i8o°C 
y-Picoline in the solid state at — i8o°C 
25% Solution of y-pirolme in ethyl alcohol at-i8o'C 
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(figures lb and 2b, Plate IX). Hence the lines are produced by groups of mole- 
cules of picolines. The hues are absent even in the case of 70% solution of 
y-picoline in alcohol at ISO C. In this rigid glass there are almost as many pieo- 
linc molecules as alcohol molecules. So the formation of bonds between the nitro- 
gen atom and the OH group seems to be the cause of producing a rigid glass even 
at 70% concentration and of the disappearance of the low-frequency lines. 
Comparing these results with those duo to Ihe frozen solutions of toluene 
(Kastha, 1956a) it is found that it is only small groups of molecules and not 
crystallites which produce those low-frequency lines. 
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ABSTRACT The Clmpinun lOnskog theory of non-uniform gasoR has boon utilised 
in determining 1 bo force* pniaiuotci's for some simple non-pnlar molecules on expisix model 
from l Tin observed \urialion ol thermal conductivity with temperature. The method used 
ih mi adaptation of the Kepsoin; and Lennaid Jones procedures and bus boon Applied to 
neon, nr^im, kiypton and xenon. First the parameter a is fixed up and then translation,' ■ 
are earned out to del emune the parameters ejh and r fll . To tesl the udoquHcy of tl\e model, 
both the equilibrium and non-equilibrium properties of puses have been computed by utilising 
these experimentally determined potential parameters and the results com pined with (he 
nhseived \ allies over an extensile range of temperatuioH. The agreement, between iheoiy 
and experiment ih found to be quite satisfactory, showing thereby the adequacy of the exp- 
six model and the appropriateness ol the potential parameters used. 

INTRODUCTION 

Various expressions foi the intermolwular potentials have been formula led 
for calculating the transport properties of fluids, Amongst these, the Lennard- 
Jones 12.6 model and the modified Buckingham exponential-six model are 
quite realistic and are consequently widely used, the latter being written m the 
more convenient form 




... f-. . [« e .(l-r/r m ) 

1 -- 6/a [x 



where 0(r) is the potential energy existing between the two molecules at a separa- 
tion distance r, t in the depth of the potential energy minimum, r m is the separation 
distance for this energy minimum and a is the parameter which is the measure 
of the steepness of the repulsion energy. In this potential model, the leading 
repulsion energy term is described by an exponential form and lias bettor theo- 
retical justification. Recently, Mason (1954) has evaluated the transport pro- 
perly collision integrals for this model and has used them for the determination 
of potential parameters for a few gases from experimental virial coefficient, visco- 
sity and crystal data The determination of potential parameters from the pro- 
perty of thermal diffusion will be the most accurate due to its greater sensitivity 
towards this property, but its usefulness is limited by the difficulty of obtaining 
accurate experimental data. All the other transport porperties are almost equally 

404 



405 


Force Constants for like Molecules etc. 

sensitive and any one of them can be preferred to the other for the determination 
of potential parameters depending on the reliability of the experimental data. 
Generally viscosity data are used for this purpose but unfortunately this cannot 
be done for krypton and xenon due to lack of sufficient experimental data 
Recently, Kannulmk and Carman (1952) have made an extensive and accurate 
determination of the coefficient of thermal conductivity for some monatomic 
gases over a large range of temperature and this euables us to utilise this property 
for the determination of potential parameters. In the present paper \vc have 
utilised the observed temperature dependence of thermal conductivity to evaluate 
the force parameters, for the gases neon, argon, krypton and xenon. To tost 
(lie correctness of the force constants obtained, both equilibrium and non-equi- 
librium properties of gaseH have been calculated and compared with their experi- 
mentally observed values. 


1) 1ST HUM I N AT LON OK THE POTENTIAL 1'AIIAMKTHHH 

Several different methods are available for the determination ol potential 
parameters from the experimental measurements on compressibilities or transport 
piupcrties. 1'he method \\c have used is an adaptation of the Keesom (1912) 
rind Lennart I -Jones (1924) procedures and has been more recently utilised by 
Mason and Rice (1954) for the evaluation of the force constants for a few nonpolar 
gases on the exp-six model. Srivastava and Srivastava (1957 and Srivastava, 
(1957) utilised this translation method lor determining the force parameters of 
some binary gas mixtures from the temperature dependence of thermal diffusion 
i.ictor. Here we have used this method for determining the Joree parameters of 
some monatomic rare gases from the observed variation ol thermal conductivity 
with temperature. From Chapman and lllnskog theory, the third approximation 
to the coefficient* of thermal conductivity [ AJ 3 of a pure monatomic gas can be 
mitten in practical units m the lorm 


1989.1 T*) 

AU A " b„*n (2 ; 2, *(a. T*) • 


( 1 ) 


vdicre A is the thermal conductivity iu eal-em 1 -see -1 (leg -1 , M is the molecular 
weight, r m is in angstroms, and /\ (3) (a, r f*) and O l2 ’ 2) * (a, T*) are dimensionless 
functions of kTfe and a and have been tabulated by Mason (1954). It is con- 
venient to put 


T* = kTjt, 


( 2 ) 


'there T* is called the reduced temperature 
'Liking logarithms of equations (1) and (2) we obtain 


Jog 


LOUJf* 

T*' 


= log T*) 

h (a, T*) 


2 log r vl + log 1989.1 


... . (3) 
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and log T — log T* + log {elk), ... (4) 

A plot of the theoretical tabulated quantities log [/\ (3) (a, 7 , *)/n (2 ’ 2) * (a, T *) J 
versus log 7'* will give different curves for different values of a, over one of which 
the plot of the experimental quantities log | l() 7 Ail/i/7 T 'J versus T can be superposed 
by suitable parallel tianslation of the axes The amount of translations along 
Ihe T and A axes determine respectively Jog c/lc and log r in . 

In practice, this method can be successfully applied to such gases only which 
have a sharp bend in the experimentally plotted curves. Hence the gases selected 
are neon,, argon, krypton and xenon. Three or four points arc selected on the 
bend and tangents arc drawn at those points of the experimental curve and linos 
parallel to these tangents are projected on the various theoretical curves so that 
they may he tangent to them at some point. To determine which theoretical 
curve would best overlap, the variation of log T with log [10 7 AM“/7 TA ] at any se- 
lected point of the experimental curve was calculated for- different arbitrary, changes 
m log [ l0 7 A71f [ IT'\ This variation was also calculated for all its correspi aiding 
points on the different theoretical curves. The variations in the two cases will 
he equivalent. That particular theoretical curve was chosen for which the change 
111 T * is the same as the change in T for the expei i mental curve This fixes the 
parameter a ami the necessary translations along the axes will give < jk and r m . 



LOCT-l-l 5 B 13 

fV. 1. TheoroLitiul log /\ <3, /{2 (2,1!),,, versus log T* and experimental log (lO^M 1 / 2 /^ 1 / 2 ) 
versus log T graphs. The curve marked D lias been arbitrarily displaced sideways by 0 J 
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The recent measurements of Kaimuluik and Carman (1952) on the thermal 
conductivity for five rare gases have been utilised for evaluating the force para- 
meters. In figure 1, the experimental and theoretical curves corresponding 
to the plot of log [UPAJW^/T 1 *] versus T and the plot of log /\ (8) (a, T *)/Q* aa) * 
(a, r*) versus T* are shown for the case of argon. To avoid uncertainty m the 
drawing of the experimental curve, two different curves 1(a) and 1(b) are drawn 
from the same set of experimental points and arc arbitrarily displaced to prevent 
overlapping. Theoretical curves are plotted for a - 12, 12, 14, 15 and for a lew 
intermediate values where necessary The eurvos for a -= J3. 14 and 15 are dis- 
placed upwards by .02, .04 and OH respectively. A, B and O are the three selected 
points 1)11 experimental curve and their corresponding points are determined 
on each theoretical curve by projecting parallel tangents. From each of these 
projected points, ordinates y -= 15, 20, 25 small divisions arc drawn and from the 
foot of these ordinates, distances drawn parallel to the .r-axis so as to reach the 
theoretical curves are read. The corresponding value of x for the experimental 
curve for that y value is noted. Next for a particular point, a graph connecting 
r and a is plotted for each fixed value of y and the exact value oi a corresponding 
lo the .r value on the experimental curve is louud from each of the plots and mean 
cc taken. 

Thus having fixed the value of a, the theoretical curve of log [j\ V£) (a, 7 , *)/n u > a) 
(a, 7” 1 ')] versus T * corresponding to tins value of a is plotted. Points A , B and 
(• are fixed up cm this theoretical curve in the way described above and transla- 
tions carried out to give average cjk and r )t) The values of the force parameters 
for all the four gases are collected m Table I along with those obtained by Mason 
and Rice (1954b) from other propert ies. Lt is seen that there is maikod difference 
in the force parameters for krypton and this may ho the reason why his values 
of the force parameters for this gas are unable to reproduce all the transport pro- 
perties satisfactorily . 


TABLE J 


Exp-six potential parameters for some simple nonpolar molecules 



Fnrainotnrs 

determined 

author 

by the | 

ParamelorH determined by 
Mason & Hi tv 


a 

rjk' K 

r in A ■ 

a 

e/jfe° K 

I'mA 

N» 

14 6 

36 7 

3.157 

14 5 

38 0 

3 .447 

\ 

14.2 

125 5 

* 3 . son 

14 0 

123.2 

3 866 

Kr 

13. 1 

l3H.fi 

4 365 ; 

12 3 

158 3 

4.056 

Vo 

13.0 

235 8 

4.575 1 

13.0 

231.2 

4.450 
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COMPARISON WITH EXPERIMEN T 

To test the adequacy of the exp-six model and the accuracy of the experi- 
mentally determined potential parameters, it is necessary to see how far these 
parameters can successfully prodict the equilibrium and non -equilibrium pro- 
perties. 

Viscosity ■ The values of viscosity for different gases were calculated from 
the potential parameters of Tabic 1, using the formula 

_ 266.93 (MT ) »/,«■» (a. 7") ,,, 

a ^ (a',‘T*f ' Vl 

where y is the viscosity in gm cm -1 sec 1 , M is the molecular weight, in angs- 
troms, and / r / a, * (c) (d) (e) (a, T*) and 12 U » 2) (a ,T*) are dimensionless functions tabulatied 
by Mason (11154) These arc compared with experimentally determined values 
and are given in Table II 

TABLE 11 

Viscosity of gases (»/Xl0 7 in gm. cm -1 sec _J ) 


Neon Argon ; Krypton 


1 atrip. 
U K 

T/Obs.(rr) 

ifCalc 

H)bs (a) 

ijCulc 

i lamp. 
l K 

ijObh (d) 

TjC.lll 

80 

1198 

1193 

088 

061 

273 2 

2334 

2357 

100 

1435 

1431 

839 

829 

283 8 

* 2405 

2133 

120 

1010 

1048 

993 

995 

289 5 

2459 

2473 

140 

1841 

1848 

1 J40 

1144 

373 2 

3003 

3054 

160 

2020 

2033 

1 298 

1320 




180 

2204 

2210 

1447 

1478 




200 

2370 

2379 

1594 

1030 

Temp. 

°K 

Xenon 

220 

2544 

2541 

1739 

1774 

ijObs.(e) 

»?Ch1c. 

240 

2708 

2090 

1878 

1915 

289 7 

2235 

2223 

200 

2807 

2840 

2014 

2052 

293 

2200 

2240 

280 

3021 

2991 

2145 

2180 

400 

3009 

3000 

300 

3 1 73 

3134 

2270 

2315 

, 450 

3351 

3310 

800 

r*918(6) 

0015 

4021(c) 

4781 

! 500 

3652 

3053 

1000 

0800 

0972 

5302(c) 

5558 

J 550 

3954 

3907 


(а) Johnston, H. b. nnrl Chilly, E. R., 1942, J. Phys. Chem., 46, 948. 

(б) Trautz, M and Zink, R., 1930, A unale n der Physik, 7, 427. 

(c) Vasileseo, V., 1940, A unales i h Phynik (Paris), Series 11, 20, 292. 

(d) Landolt-Bornstein, Physikiilich-CUettUBiho Tabollen. 

(e) Trnutz, M. and Heberlmg, R., 1934, Ann. Phyttik, (5), 20, 118. 
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A glance at the Table TI shows that, the agreement between theory and ex- 
periment iH excellent in all the canes except for argon whose calculated values 
at extremely high and low temperatures exhibit larger deviations from the observed 
values than the estimated experimental error. Recent experiments by Anulur 
and Mason (L954) on the scattering of high velocity argon beams m argon gas do 
not indicate any steep repulsion at short mtermolecular distances which these 
low valuos of viHcosity at high temperatures would imply. It is therefore likely 
that these experimental results for the viscosity of argon are low at high tempera- 
lures and further experiments are desirable to clarify this point. There is much 
better agreement, in the case of krypton and xonon than that found by Saxena 
(1955) and Mason and Rice (1954b) from their force parameters and this may be 
due to a bettor assignment of the potential parameters for these gases. 

Self-diffusion • A proporty more suitable than viscosity for testing the 
appropriateness of the potential parameters is the coefficient of self-diffusion 
which iH given as 


D __ 0.0026280 T*) 

11 pMh n * q T*) 

where is the coefficient of self-diffusion m cm 2 /seo, jj is the pressure in atmos- 
pheres, f n ™{ 0 L, T*) and fl'W (a, T+) are dimensionless functions of a, T* and 
Ihe other quantities are as previously defined In some of tho oases the quantity 
actually measured is D 12 i.e. inter-diffusion of one isotope into the other and it is 
converted to give JJ n from the relation 

D u = L2Jlf 2 /(J/J M,W) Vi ], (7) 

where M l and M 2 are the molecular weights of the two isotopes. Experimental 
measurements on the coefficient of self-diffusion at different temperatures have 
I wen reported by Groth and Harteek (11)41) (K.r). Wmn (1950) (Ne, A), Hutchin- 
son (1949)(A) and Visner (1951 )(Xe). These are compared with the theoretically 
calculated values and listed m Table III. Considering the uncertainly involved 
m the accurate measurements of this property, it is seen that on the whole 
the agreement is quite satisfactory being excellent in the case of argon, krypton 
and xenon. Tt may be remarked that unlike us, Mason and Rice (1954b) got poor 
agreement for the ease of krypton and xenon using the force parameters obtained 
Irom virial, viscosity and crystal data, 

Thermal diffusion: Another property which is most sensitive towards inter- 
molecular interaction is the reduced thermal diffusion ratio [i££] fll which is related 
b> [/fy], the thermal diffusion ratio as 




( 8 ) 
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TABLE III 
D 1X in cm 2 sec" 1 


Tump. 

°K 

Argon 


Noon 

Telnp . 

°K. 

Krypton 

01)8. 

Calc 

Obs. 

dale . 

Obs. 

Calc, 

353.2 

0 249 

0.252 

0.703 

0.677 

250 


0 068 

298 2 



0 5 10 

0 508 

293 

0 093 

0.094 

295 . 2 

0.178 

0 182 



350 


0.13J 

273 2 

0.1 56 

0.158 

0 452 

0 438 

Temp 

D K. 

Xonou 

194.7 

0 . 0830 

0.0840 

0 . 255 

0.246 

r 

Obs i 

(!uli- 

90.2 

ft 0180 

0.0184 



250 

' T 

0 040 

77 7 

0 0134 

0 0137 

0.0492 ft 0485 

300 5 

0.058 

0 057 






350 


0.077 


where M 1 and are the molecular weights of species l and 2 and .r 1t jc £ are llu* 
mole fractions of the two components. Three different theoretical expressions 
are given for [7iTj.] wl . first and second approximations of Chapman and Cowling 
and the first approximation of Kihara Jxihara’s expression for the first approxi- 
mation of | K J.] is much simpler and differs very slightly (nut more than the uncer- 
tainties involved in the extrapolation) from the second approximation of Chap- 
man and Cowling and is given by 

the thermal separation ratio E T is given by 

R r - (]18/]()5)ffJ,, 

Equation (10) shows that the thermal diffusion of a simple gas is independent 
of the parameter r vl and will therefore provide- a better test of the accuracy of the 
potential parameters as well as the force model used. Experimental data on E T 
are given by Nior (1940), Stier (1942) and Mann (1948) for argon and neon but 
their temperature assignment- is open to uncertainties. 

In figure 2 the observed values of R T are plotted against T. For comparison 
the theoretically calculated values, after Kihara’s expression (see appendix), 
are also indicated by a continuous curve. The agreement is good for the case oj 
argon but poor for neon as observed by several workers. 


(») 


( 10 ) 
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Second virial coefficient : Figure 3 shows a comparison of experimentally 
determined second virial coefficient with those calculated from our potential para- 
meters according to the equations : 

B{T) = b m B*{ai,T'), ... (12) 

K = (2tt/ 3 )iW 

where B(T) is the second virial coefficient, B*(a, T) is a dimensionless quantity 
tabulated by Rice and Hirschfclder (1954) and N 0 is the Avogadro number. The 
agreement is not as good as in the ease of non-equilibrium properties and is 
very poor for the case of krypton. It may be perhaps due to the use of the 
potential parameters, obtained from non -equilibrium property in testing equili- 
brium property. It is always better to use parameters derived f r^m non- 
equilibrium measurements for computing transport properties. ^ 
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APPENDIX 

Values ior the thermal separation ratio R T , for a binary mixture of heavy 
isotopes are calculated from the simple and more accurate first approximation 
formula of Kihara for a = 12 to 17 as a function ol T*. These values are collected 
m Table IV anil were utilised to calculate the thermal separation ratio for neon 
and argon 


TABLE IV 


Jl T 


T* 

1 o — 1 2 

a --13 

a — 1 4 

o~ 15 

«=I6 

n- 17 

() . 5 

-0 0918 

-0.0436 

—0.0048 

0 0244 

0 058 

0 094 

0.0 

-0 1162 

0.0089 

-0.0280 

0.0021 

0 038 

0 074 

0.7 

-0 U6S 

-0 0705 

-0.0303 

0.0004 

0.036 

0 072 

0 8 

-0.1031 

-0.0580 

-0 0184 

0 0118 

0.047 

0.083 

0 9 

-0.0793 

- 0.0365 

0 0027 

0 0329 

0 067 

0.102 

1 .0 

-U 0-728 

-0 0104 

0 0283 

o 0575 

0.091 

0 J25 

1.2 

0 0083 

0 . 0488 

0.0849 

0.1131) 

0.146 

0 178 

1 4 

0.0680 

0 1072 

0.1424 

0.1699 

0.201 

0.232 

1 0 

0.1227 

0.1612 

0 1950 

0 2215 

0 251 

0.280 

1 S 

0 1722 

0.2087 

0 2413 

0 2673 

0 296 

0 325 

2 0 

0.2138 

0 2505 

0 2817 

0 3080 

0 , 336 

0 363 

2 5 

0 2963 

0.3314 

0 3612 

0 3876 

0 414 

0.439 

3 0 

0 3543 

0 3885 

0.4171 

0 4429 

0 469 

0 493 

3 5 

0 3941 

0.4293 

0.4573 

0 4833 

0 509 

0 534 

1 

0.4228 

0 4582 

0 4861 

0 5213 

0 537 

0 562 

5 

0.4603 

0.4908 

0.5238 

0.5512 

0.577 

0 600 

0 

0.4805 

0.5178 

0.5470 

0 5715 

0 597 

0.022 

7 

0.4905 

0.5307 

0.5599 

0 5857 

0 611 

0 636 

K 

0.4976 

0.5376 

0 5680 

0.5934 

0 618 

0 643 

0 

0 4991 

0 5401 

0.5722 

0 5995 

0 626 

0 652 

10 

0 . 5005 

0.5418 

0 5749 

0 6016 

0 629 

0 . 654 

12 

0 4998 

0.5419 

0.5764 

0 6047 

0.634 

0.661 

H 

0.4966 

0.5411 

0.5749 

0.6047 

0 633 

0.660 

16 

0.4914 

0.5376 

0.5728 

0.6046 

0 634 

0.663 

18 

----- 0.4881 

-0.5344 ■ 

0 5704 

- - 0.6027 

0.634 

*- -0 662 
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TABLE IV {contd.) 



«=12 

a — 13 

a = 14 

o = 15 

a = 16 

a™ 17 

20 

0.4823 

0 5306 

0 5702 

0 6023 

0,034 

0.664 


0.4743 

0 5231 

0 5648 

0.5994 

0.033 

0.664 

30 

0.4005 

0.5J 78 

0.5612 

0.5970 

0.633 

0.664 

35 

0.4000 

0.5141 

0 5570 

0.5970 

0.634 

0.667 

40 

0.4575 

0.5100 

0.5562 

0.5967 

0.634 

0.660 

45 

0.4530 

0.5090 

0.5547 

0 . 5909 

0.634 

0.670 

50 

0 4504 

0 5076 

0 5541 

0 . 5973 

0.636 

0.672 


In Table V are given the values of the quantity B* tor a =- 10 and 17 which 
uuours m the expressions for the transport properties of mixtures. It is, expressed 
in terms of the ratio of tho reduced collision integrals as \ 

J > * _ 5 n 11 ,l » I »* - 4 

' o jV 1 ’ 17 * 

The values of B* for a — J2 to 15 are tabulated by Mason (1954). Wo have 
extended the tabulations by extrapolation. These extrapolations can involve 
uncertainties amounting to several per cent. 


TABLE V 


B* 

- „ 

rji* 

a = 1 0 

a = 17 

T* 

a -10 

or— 17 

0 1 

1.194 

1 . 195 

2 5 

1 107 

1. J03 

0 2 

1 . 222 

1 .218 

3.0 

1 . 101 

1 097 

0 3 

1.20J 

1.253 

3 . 5 

1 . 098 

1 . 093 

0.4 

1 270 

l . 269 

4.0 

1 . 095 

1.089 

0 5 

l . 209 

1.201 

5 

l 096 

1.093 

0.0 

1 255 

1 .250 

0 

1 .093 

1.087 

0.7 

1 237 

1.233 

7 

1 .094 

l 089 

O.S 

1 219 

1.215 

8 

1.094 

1.087 

0.9 

1.203 

1 199 

1 r 

1 .090 

1 .090 

1 0 

1.189 

1.185 

10 

1.095 

1.088 

1.2 

1 165 

1 J01 

12 

1.099 

1,093 

1 4 

1.148 

1 145 

14 

1.098 

1.093 

1 0 

1.135 

1 130 

16 

1 .099 

1.093 

1.8 

1 . 1 25 

1.121 

18 

1.100 

1 094 

2.0 

1.118 

1 114 

20 

1.101 

1.094 
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n-p AND p-p SCATTERING FROM CASE-PAIS MODEL 
IN THE ENERGY-RANGE 91 MEV TO 437 MEV 

S. MUKHERJEE* and M. K. PAL 

Institute oe Nuclear, Physics, Calcutta 
{Received foi publication, January 29. I!). r i7) 

ABSTRACT. A two -body potent ml consisting of o von -pant, y central nndtonsor inter- 
actions with Yukawa radial dependence, and a Case- Prim type spin-mbit mini action with 
adjustable exchange dependence have been used to calculate' u p and p-p cross-sections 
in the Born approximation over a wide range of energies mid angles A set of \ uIuch o( jmra- 
motors in tho potential has been obtained corresponding to the best, fit with experimental 
curves. It has been found that though these “best lit” parameters repiodnco n-p ovoss- 
soetion satisfactorily from 01 Mov to 400 Mov, they can give the observed isotropy in rase 
of p-p scattering in tho range 90° to 3i> & o.m, angles only upto 34n Mov, beyond which too 
much forward scattering is predicted . 

A deduction of tho Bom appioxunation scattormg formulae usmg Bacnh's tensor operator 
formalism and Wigner’s D -matrix lias been appended 

I. INTRODUCTION 

The phenomenological nuclear two- body potential obtained from douteron and 
low energy n-p and p-p scattering data has. in the past, been supplemented in 
three different ways to extend its applicability to the case of high energy 
scattering data also. Of these three approaches, the p-p singular tensor force 
model of Christian and Noyes (1950) gives up charge-independence hypothesis, 
while singular spin-orbit interaction model of Case and Pais (1950) and Jastrow 
(1951) hard-core model maintain it. The last named approach distinguishes it- 
self in that it alters the singlet potential as compared with the change, ol triplet 
potential in tho first two. The following Table I will illustrate the relevant details 
of the potentials in the above three eases together with the range ol angles and 
energies where their authors originally obtained fit. 

After the preliminary success of these authors, (loldfarb and Feldman (1952) 
have performed exact calculations for p-p scattering at 240 Mcv on all the three mo- 
dels. They find that for both the Christ ian-Noyes and Case- Pais models exact cal- 
culations do not reproduce the observed isotropy of p-p scattering at high energy 
claimed by the original authors from their Born approximation calculations, 
d'he Jastrow model, on the other hand, beautifully gives the isotropy as veil as 

* In partial fulfilment of his requirement* in the Thesis Taper for the Tost M.So. Ahso- 
•’i. Unship Examination of this Institute. 
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observed high magnitude of p-p cross-section. Goldfarb and Feldman have 
made calculations also for the percentage of polarisation of an unpolarised beam 
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produced on single scattering. Their results, when computed with the expert- 
menial percentage polaristion, show that the Jastrow model is the worst with 
regard to polarisation. 

Above observations imply that the potential model of nuclear interaction, 
longli very promising at the outset, has run into a disheartening plight at the 
present moment. But, us we notice, m the field of structural problems of light 
nuclei belonging to the (dp) -shell (4 < A < l(i) it has been a consistent trend 
■0 assume a total unclear potential in the form of a sum over all nucleon pain, 
o c. ini gc-indcpendoiit two-body potentials comprising of u central part and nnii- 
een ia tensor and spin-orbit parts. (See for example, Elliott (1953)). We have, 
therefore, thought it, worthwhile to examine the Case-Pais model in more details. 
As we could presume from Goldfarb and Feldman’s results that Bom approxima- 
tion results will be more in favour of this model than exact calculations, wepre- 
Oirccl to Stick to such approximate calculations. Moreover, the energy range to 
which we have devoted our attention in making the definite conclusions of the 
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present paper is even higher than the highest energy attended to by Case andPais 
and Born approximation results at such high energies may not bo vory 
much off from the results of exact calculations It may be pointed out here that 
the third order radial singularity of the spin-orbit interaction requires a cut-off 
to be given near the origin in the exact calculations and thus makes such results 
also liable to some doubtful uncertainties. 

lor the theoretical calculation of scattering cross-section from a phenomeno- 
logical standpoint, one is to be guided by the following principal features of n-p 
and p—p scattering • 

n—p Scattering 

(1) Total cross-section is small 

(2) There is a small asymmetry of scattering in the centre of mass system 
about 90°. 

(3) The position of minimum iu do-jd^i vs. 0 c . m , curve shifts from one energy 
range to other. 

(4) With the increase of energy there is an increase in backward scattering 
(Hartzler et al . 1954). 

p-p Scattering 

(1) Coulomb scattering is predominant at lower angles followed by a Colomb- 
mterforenee region, while in the region of 90° (c.m.) scattering is isotropic. 

At 30 Mov Coulomb scattering is predominant up to 0 r m . ~ 20°, Coulomb- 
nuclear interference region extends roughly from 20 0 to 50 u , isotropic nuclear 
scattering is from 50° to 90° c.m.; (scattering, due to indistinguishability of 
protons, is necessarily symmetrical about 90° in centre-of-mass systom). At 
345 Mev, isotropy is produced down to 15° c.m. angle | Chamberlain et a I, (1951)]. 
Similar is the situation at still higher energy. (Sutton et al 1955). 

(2) Apart from isotropy, the most noticeable fact in the case of p-p scatter- 
ing is that in the energy range ~ 300 Mev to 450 Mev, scattering at 90 L is roughly 
4 times larger than the corresponding quantity in n-p scattering m that energy 
interval. 

In our attempt to tit the experimental data in the energy range 9J Mev to 
4117 Mev we have obtained a set of "‘best, fit'’ parameters in the potential. For 
n-p scattering these parameters give fairly good agreement, but for p-p flatter- 
ing they fail to reproduce the observed isotropy beyond an energy value of 34o 
Mev. The validity of the potential model may be doubted at energies towards 
Hie end of the range we have considered but it may yet be maintained because 
meson production cross-section at 440 Mev is still too small. [Hartzlei et al 
(1954), Sutton et al (1955)]. 
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We have displayed our results on a number of curves and have arrived at two 
definite conclusions on their strength: (1) The Case-Pais model, as such, is dcli- 
tiitely inadequate to describe the results of high energy p-p scattering experi- 
ments all over the energy range 91 Mev to 437 Mev. One need not go into pains- 
taking exact calculations to demonstrate this inadequacy ; even Born approxima 
tion calculations, which arc more in favour of this model, show it. (2) With a 
single potential of the Case-Pais type it is impossible to explain n-p data simul 
tancously. n-p data seem more amenable to potential description than p-p 
data. 

II FORM OF POTENTIAL A N D OROSS-SECTION 
FORMULAE ; 

We assume the following form of interaction Hamiltonian in the systems; 

(1) Central singlet even-parity potential : \ 




(2) Central singlet odd-parity potential : 


V(r) = 0 


(3) Triplet potential 


V (r) = vJ 


+ v og ,(i+ a p M ) 


where S 12 — tensor operator of Ttarita and Schwinger (1941 ).It it may be noted that 
the Berber type ^ ^ exchange-dependence means that the central and tensor 

interactions arc present only in even parity states. The last term represents 
Case-Pais type spin-orbit interaction; L and S are orbital and spin angular momen- 
tum operators respectively of the two-particle system. The raidal dependence 
of this term is easily seen to have third order singularity at the origin. The para- 
meter a in the factor determines the relative proportions of even and odd 

parity S.O. interaction. The parameters g t and g t determine the strengths of 
tensor and S.O. interactions relative to the central interaction. F 0 and (i are depth 
and range parameters respectively. We have used the same value of range para- 
meter for all tho three types of interactions. Further, it may be noted that we have 
used the same central interaction in singlet and triplet states. (See KaloR el ol 
1936). 
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The method of calculating the scattering cross-section formulae for this intei - 
action is shown in the Appendix. In this section we choose to quote simply the 
rosults, 

d °l~ P = U -l l(G(B)+C\ir-0)^+Gg l *{T‘(e)+T‘{n-V)- T(0 )T(t, -0)) 
dn 4 

H-2gr/ 2 {/\ cos 0/ 2 8(0)- olK sin 0/2 S(n- 0)} 3 ) 

f ^ P ' P = ^JL [{C(0)+C(7r-O))*+'Zg g '*{\ -a) 2 {A r cos 0/2 *9(0) + A sin 0/2 
rfO 4 

Symbols used in these formulae are explained in the Appendix. 

111. RESULTS OF CALCULATION 

We have chosen a — 1.16xlO _M cm, K 0 - —48.4 Mev m conformity 
\vith low energy n-p and p-p scattering data. Best fit is obtained with g f -- 
hlj 3» = ±-14> a ^ -2.0. The results arc shown in the figures 1-7 It 



NM. I n all the figures the ordinates should be read mb/stcrud instead of n i\ l^tu 


is found that the experimental uncertainties permit the parameters g„ « and g, 
to be varied in the range .17 < '<Un without distertmg 

the angular distribution too much. Since in the. formula for p-p >°> 

strength and exchange part of spin-orbit interaction eomo always m the coml - 
lion analysis of p-p data alone cannot explore the details of “P m ‘ . 

force. Prom the form (1) of interaction Hamiltonian it is easy to see thjtpo^ ^ 
value of a means greater magnitude of even-parity spin-or i ore ( 

odd-parity state. It is found (figure 8) that apart from what has been assumed 
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for even-parity central anti tensor force,' excess of even-parity spin-orbit ovei 
that in odd -parity state means too much of backward scattering. Again even and 




odd-parity force of comparable proportion gives more“forward scattering than what 
is evidenced experimentally (figure 9).' By virtue of tensor and spin-orbit forces, 
associated Legendre polynomials are introduced in scattering amplitude, which 
is not necessarily antisymmetrical about 90° in odd parity state. The effect ol 
such an odd-parity force is that apart from producing asymmetry it has the effect 
of shifting the position of minimum away from 90°. A small magnitude of such 
a force is thus necessary to get a bolter fit of n-p data. Figures 4-7 show that, 
with the abovo mentioned parameters, quite a good fit is obtained to n-p data 
from 91 Mev to 400 Mev. . <- J . 
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The situation iu case of p-p scattering is, however, quite different The 
desired high value of scattering al 90" is produced and up to 345 Mev isotropy 
can he predicted from 90" down to 35" e.m. angles. Beyond this range isotropy 



l‘*iK 4 Mrv n hc At tori i ii^ I3\|k ncntul points art* taken fmiu Uumtle et al ( 1 U52) 

is lost, ant] thin model predicts too much forward scattering. Again, at still higher 

energy fj* 7 vs. 0 e m . curve shows a tcrinendous rise at lower angle ^ 50°). 
(t O 

As a result, it is useless to work with such a model to explain p-p scattering at 
higher energies. 


LV. CONCLUSION 

It is seen that in spin-orbit force model with Case and Pais type radial depen- 
dence it is not possible even m Horn approximation to produce isotropy in p-p 
scattering, beyond 90° — 50° range in i lie energy range 430 Mev . The reason 
can be seen qualitatively from the following two considerations. 

(1) The peak in scattering (in Bonn approximation) is predicted whore 
27u/, sin 0/2 e~ 1,2; so that for a given range parameter "a" as the energy in- 
i leases the peak shifts towards the lower angles (it is also the characteristic of 
l cn,sor potential scattering in Born approximation). At 345 Mev peak is produced 
4 ^'35° while at 437 Mev peak is produced at 0 c . m . e* 25° As a result 
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the curve fitted to given desired high value of scattering at* 90° («=* 4mb/steradian) 
shows tremendous rise at Lower angles. Due to the shift in the position of peak, 
the conclusion (Case and Pais) as regards the choice of radial dependence from 

the ratio of can be misleading. 

d<r( 90 ) 



6cm .— ■* 

Kig. f». 91 Mev n-p soattornig. Kxpenmcntal points bit taken from Ramstvy rt a l ( 1 0. r >4). 

(2) The dominating part of the Born approximation formula m Case and 
Pais model is extra (A'r/) 4 factor in the expression of differential scattering cross- 
section. With a — 1.16 X 10 ~ 2 * * * * * * * * * * 13 cm the value of (Ka) A at 345 Mev and 437 

Mev are «=: 31 ami 51 respectively. The effect is that, with the increase of energy, 

this model begins to give too much of scattering (especially at lower angles), and 

also makes the peak value greater. 

The above two points are sufficient to make it clear that in this model even 
in Born approximation at higher energy 430 Mev, it is not possible to predict 

isotropic p-p scattering in the angular range 90°-15° c.m. angles, which is estab- 

lished experimentally. 

Tn case of n-p scattering, the contribution to the scattering from this model 

(maintairung-eharge independece hypothesis), in addition to that from even-parity 

cent rai potential with Yukawa type radial dependence in both spin states and even- 

parity tensor Yukawa potential of same depth and range as that of central poten- 

tial, makes fit of the data quite good. For a good fit it is, however, found that 



n-p and p-p Scattering from Ca&e-Pais Model, etc. 423 

magnitude of odd-panty force must always bo greater than that of even-parity 
toree (apart from what was assumed for central and tensor potential). It is also 
seen that the above odd parity force must not be stronger than 50 % of central 
even parity force to give a good fit. It seoms on the ground of our results that 



l<’ig 0. 260 Muv n-p Huatlnmig. Experimental points nro taken from Kolly at ill (1960). 



I'V. 7. 400 Mev n-p scattering. Experimental poults aio taken from Hart/lor d id (19o4). 

h p data is more amenable to description with the Case- Pais potential than 
data, and that the situation in case of p-p scattering cannot be improved, so 
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far as isotropy down to low angle is concerned, even in exact theory as the results 
of Goldfarb and Feldman (1932) anti Swanson (1952) show; for at higher energies, 
at lower angle (0 c . m . ^ 40°) Born approximation underestimates both attractive 
and repulsive potentials having a high singularity. Relativistic correction 
Snyder, (1947), however, improves the situation in p-p system still further, 
as observed from our preliminary calculations, but does not. help much m p-p 
system. Wo feel that the attempt to describe n-p and p-p interaction with 
same potential may have to be abandoned. 
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APPENDIX 

calculation of cross-section formulae 

The method of calculating cross-section formula with a combined central 
and non-eentral interaction has been given by Aslikin and Wu(1948). They 
have given formulae for central plus tensor interaction, while Case and Pais 
have supplemented these formulae with their results for the additional S.O. term. 
Wo give here a deduction for the combined central, tensor and S.O. interactions 
which is more elegant than the above deductions in two respects : (a) wc have ex- 
pressed each of t he tensor and S.O. interactions as scalar products of one irrodu- 
cible orbital tensor into another similar spin tensor of the same rank, the common 
rank being 2 in the case of tensor interaction and l in tho case of S 0. interaction. 
With such expressions for the interactions the evaluation of the spin matrix 
(see below for notations) can be effected by the application of standard 
results of Racah’s (1942) tensor operator formalism, (b) Secondly, in evaluating 
the volume integral in the expression for ¥m 8 'M h wc have taken the direction 
of n Q —n as the polar axis, just as is done in the evaluation of the same integral for 
central interaction alone. This choice requires a transformation of the spherical 
harmonics Y l m {0, </>) {l -= 2 for tensor arid =- l for S.O.) under rotation. This, 
as is well known, is soourod through the representation of the rotation group 
f){,) (7i) (see Wigner, 1931) where y v y 2 , y 3 are the Eulorian angles correspond- 
ing to the rotation. (yj being known functions, the actual evaluation of 

die volume integral becomes much simplified compared to the manner of eva 
luation of Aehkin and Wu. 
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M 

Writing TJ(r) =■ ^ F(r), where F(r) is given by expression (1) of text, we 
have to solve the Sehrodinger equation 

vV + ( x«-r7 (r)) ^« o ... (i) 

and express the solution iri the form 

V y — ^ a M^ %kZ X* Ms + ^ a Ms^M' e r X*Mg’ ( J l) 

M x M K ' 

We have, for an unpolarised incident beam, the triplet differential cross-section 
given by ^ 

tn Y. i ... '(in) 

M's, M* 


Iii the Born approximation Fm\,M ,(0, (ft) is given by 


Fm' k ,Mh( 0, (ft) =— ^ exp (—ihn-rWMt'Ux'Mi ex P (* : *n 0 - r)dr ... (iv) 

87 >in t 


Writing 

£ X‘M,'Ut,ipX‘M. = < iSV/ I l/,,„ : SM„> = U M$ r Mi 

b pin 

and 


r V 2) = r " 2 


- £ (a) . 0<» ^ 


s 0 < 2) = 


3 \10 

M- 2 (3*r, (1 >ir,« , -^> .^ a) ) 

07 T 


L . S = £ (1) - >5”) 


! 


V" = h 

-So ' 11 = i ( <r z (1, + <r j <21 ) 


one establishes with use of the results of Racah’s operator algebra, the following 
Table II for Um\m h 
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Table ij 
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To calculate the contribution (4) from tensor operator we have to evaluate 
the integrals of the type 

P m — | exp ( — ?: A?n . r) >" 2 , w (<9, ^ ) exp ( ikn 0 .r ) f(rja)dT 

Taking the direction n u of incident beam as z-axis, and direction of momentum 
transfer no— n as z'-axie, we have in a self-explanatory notations, 

n»(*. 4 >) = Yj ^’W 0 - — ■ “2 *'> 

v 

so that 

exp (— ikr cos 0')f(rla)D 2 m {,..) Y\(6 l , 0')r a sin 0' dO'dfidr 
= -D l! W0 -ff/2-0)V2Oi T(B) ... (v) 
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with x =• Ka — 2 Ka Bin 0j2 and 


D , -np-ty. 


m 
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1 

0 

-1 

-2 


Vb 

4 

cos 2 0j2 e 2 b' 

— _V? sin 
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j 

1—3 cos 0 
4 

*V?_8in 

4 

^ 008*0/2 e-2i 


when evaluated in right-handed system of coordinates. (N.B. Wigner gives results 
for the left-handed system). 

Similarly for spin-orbit part we have \ 

I m exp (— iJcn .r)h (r/a) L, w * exp ik. no . r )dr 
Proceeding as above, it is easy to see that. I 0 * = 0 

for -^ 2 {± M +i ™ t0 d<j) ' F ° rm=±1 
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— Zl -7T « 3 
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(viii) 


b pm utte } u , iJUt (8, (S) for a pure Wigner force 


TABLE iri 
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Tho contribution oftensor force to <j>) in Table 111 is exactly the same, 

a that in eqn. (9) of Ashkin and ffu (1 948). Actual (0, <f>) m (iv), as easily 

seen from (1), ia 


( 7r ~ ^+^)l +{/jf s 'M, W+ a /jn/if 4 ( w “ ^ ^+0)} ■■■ (ix) 

^liere superscripts C, T, 8 in (ix) refers to the contribution to / M r gJf( (0, <j>) from 
uuti al, tensor and spin-orbit forces respectively. 
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The appearance of azimathal angle in the off-diagonal matrix*elements of 
Table III assures the axial-symmetry of scattering cross-section (iii) for an un- 
polarised incident beam, while the vanishing of the interference terms between 
central, tensors and spin-orbit part in the averaging process (iii) leads to the result 
that m Born approximation the contribution to the cross-section (iii) of central, 
tensors and spin-orbit part of (!) is purely additive. 

From Table III, (ix) and (iii) one calculates the following expression of differ- 
ential scattering cross-section for n-p and p-p scattering. In deducing these 
formulao use has been made of the fact, that the effect of P M on the cross sections 
is simply to replace 0 by n-0 and <j> by as it denotes spatial exchange. 

Further, for p—j) scattering the triplet part (spin symmetric) haB been represented 
by an antisymmetrised F M s 'M e {0, 0) for identity of the two particles. ! 

We get finally \ 


da n ~ p 

do, 


1 , 3 

— ^ ^ riu r ^ "tup 

= [[(/(I?) 4 O(n-O) ] + Or/, 8 {T*-(0) + r^n-0)-T(t>)T(n-0)] 



k cos 0 / 2 S{0)~ct . k sin 


0j2S{n-U) | 2 j 


W 


+ C(7T— (9)\ 2 4- 2 Ue ' , (\-a)*{kci)ut)l‘2S((l)+HmOI2S(ir- 0) 

(xi) 
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ABSTRACT. An analymn ol the velnxation penotl of fron running cnlhodo-i oupJud 
"inull IV i hrrttor ih nuido anil tin* mot hod of finding different electrode pol-on Hals ut different 
mutants ih hIiowii. The Iheniotienl values obtained lmve Itmi cotnimrod with the experi- 
mental data. 

INTRO D U CTIO N 


In plate-couplcd multivibrator there arc two uapacitivo couplings, one 
between the plate of lirst tube ami the grid ol the second tube and other, between 
die grid of first tube and the plate of second tube, in cidhode-couplcd free runn- 
ing multivibrator there is one capacitive coupling between plate of lirst tube 
and the grid of second tube and another coupling is accomplished by placing 
a resistor between two cathodes of both the lubes |omed together and earth. 
Due to various applications of relaxation oscillators, many authors have attempted 
t„ make analysis ol those circuits (c.g , Kieboit and Inglia. 1945 . .Sarkar and 
Ahamed, 1904; Williams et <il.. 1959). So fat as the plate-coupled multivibrator 
is concerned, its relaxation periods arc calculated most accurately without neglect- 
mu the effect of shunting capacitances and the positive drive of the grids oi 
Ml, the tubes (, Sarkar and Ahmed. 1954). in cathode-coupled tree running 
multivibrator, one coupling being a common cathode resistor between the two 
cut Imdes joined togetlie. and earth, ds analysis becomes very mud, complicated. 
11 , 1(0 this time a fen have explained (lie operation of the onrml in qualitative 
„ ay, Imt none lias made any quantitative analysis of free running cathode-couple 
nuiltivibiator. In this analysis gvaphieal method using the characteristics oi 
tubes is followed. 


0 V H5 K A T I 0 N 


o f v 1-1 u r i iu' u r t 


The circuit of the free running eatl.ode coupled multivibrator is shown m 
figure 1. Its operation is somewhat different from that, ot Irce ™mm,g ,ilat - 
coupled multivibrator and explained by several antho.s (Secy, AM. 1 * 

1 955). This circuit gives square wave on each anode, the wave oim a 

ol I’, being a differentiated square wave. Advantages oi this eireu t are ^ 

bee grid hi F, and free anode of I', which do not play part m geneiatmg the 
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oscillations. An undistorted square wave output may be taken from the anode 
of V.> without disturbing the oscillation and the synchronizing signal may be 
injected to the grid of V i , The typical waveforms are shown in figure 5. 



ANALYSIS 

e bnx and e bni — plate to earth voltage of \\ and F a respectively. 
r rl and e r2 — grid to cathode voltage of F, and K 2 respectively. 
e enl and e cll2 — grid to earth voltage of \\ and V 2 lespectivcly. 
e k — voltage across the cathode resistor H k . 

E l — plate supply voltage. 

e um = maximum negative grid voltage of \\ with respect to earth. 

A’ 0 — voltage across the load resistance i2 n when e rnl is zero. 

The analysis of a free running cathode-coupled multivibrator with the 
circuit constants given m figure 1 is to be made in the following manner. As 
the relaxation time is far greater than the switching time, the latter will he 
neglected in finding time period in order to simplify the analysis. 

A 110K load lme is drawn with the plate supply voltage of 125 volts as shown 
in the figure (i. To use the load line with cathode follow'd* is not so simple as 
with amplifier because the grul-uathode voltage is not know'll directly. So it 
is essential to draw input-output characteristics. The values of grid-cathode 
voltage c,, are assumed and the corresponding values of cathode voltage t'j. and 
input voltage e t are calculated and plotted. 

For example, e c — 0. the point of operation is on the point. A on the load 
line and the plate current i b — .95 mA. 8o e. k — 9.5 volts and e, t — € c - 
9.5+0 — 9.5 volts. The point B on the input-output curve is located by it. 

Again a cut-off voltage for plate supply voltage of 125 volts is 7.25 volts; 
so e k — 0 and e t — e k +c c = 0-| (—7.25) — —7.25 volts. This point is located 
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by point C on the curve. In this way few more points are located and the 
input-output tiurve C D B is plotted. The points beyond B correspond to posi- 
tive values of e c and the grid current must be considered in locating them. 

So from input-output curve we get that if <\ (i.e , r j m ) is equal to zero, then 
e conics out to he 4 volts as shown at the instant t a of the figure 5, Therefore 
the voltage across the load resistance R y must be 40 volts and plate voltage ei> ni 
at that instant is equal to S5 volts. 

Again at the end of the previous cycle when current changes from F a to 
at the instant t v ec n » is few volts positive which can be calculated in the 
following way. 

As soon as the voltage across ft* becomes equal to cut-off voltage of V v 
the current switches on from F 2 to V v From the input -output curve when 
ej cut-off voltage - +7 volts, ec n , comes out to be 5 volts. 8o the maximum nega- 
tive grid voltage of F 2 at Ihe instant r, w ill be (5- 40) — - -35 volts. Now' again 
cut -off value of F 2 corresponding to plate voltage of (125 -4) — 121 volts is —7 
volts. If bv the discharge of condenser C the gird to earth voltage of F a (ne., 
r ni2 ) becomes equal to -3 volts, then giid to cathode voltage of l' a is equal to 
4) — —7 volts — cut-off voltage. 

Let the time taken for e cn2 to change from -35 volts to —3 volts be t v The 
time constant for the equivalent circuit of discharge as shown in the figure 2 is 




l-V 

2000 X ](H 2 1 10*+ 1 8 x 100 x 10 3 ! =- 203(1 micro-seconds 2 milliseconds. 
“ L 118 ' 

1 1 cncc, —3 — ~ 35 < 2 



^ 4.87 milli -seconds. 


Now at the instant t 2 , F : 
As the condenser starts 


inducting i» a few microseconds end F, goes off. 
j towards 125 volts, grid to earth voltage of 7, 
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becomes few volts positive. The equivalent circuit, of charging is shown in the 
figure 3. Us time constant is 2000X 10 12 f I00-|- X) ° 3 = 220 micr °- 

seconds — .22 milliseconds. 



1‘V- 





The voltage across the condenser at the instant To is 85 - ( - 3) -- 88 volts 
therefore the driving voltage at beginning of the charging is (125 88) — 37 volts. 


So the charging current at the beginning of charging is 


1004 


37 

11x1000 

J011 


33 niA 


and the amount passing through the branch r u and R k is __ .33 mA, 

which makes the grid -cathode voltage of V 2 equal to .33 volts and the voltage 
across R k due to charging current, is 3.3 volts. From the load line, if e r — .33 
volt, i h — 1 mA which makes the voltage across the resistance R k due to the 
space current of F 2 — JO volts; so the total voltage across R k at the instant r., 
is 13.3 volts and tc ni — 13.3 -\ .33 — 13.0 volts. Again when ec„ — 0, er w2 — <’i, 
— 9.5 volts. Therefore with the time constant of 220 microseconds, e c?( ., changes 
from 13.6 volts to 9.5 volts. Let thejtiine required be t 2 . Then 


_ h 

9.5 -= 13.6 e 722 
i.e., t 2 — .07 milliseconds. 

As soon as e cn2 becomes 9.5 volts, the equivalent circuit becomes different, because 
static grid -cathode resistance r g will not be operative and the time constant of 
the circuit, as shown in the figure 4. is 2000 x 10 -12 [10 w 4.1 X 10 r J = 2.2 milli- 
seconds, 
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Again the cut-off voltage of V 1 corresponding to plate-cathode voltage of 
(125—4) = 121 is —7 volts. In order that e k becomes equal to 7 volts, ec*a 
should be 5 volts, which is obtained from the input-output characteristics. 



Fig 4 


So <v H3 should change from 9.5 volts to 5 volts with the time constant of 
2200 microseconds. Let the time required be 



Fig. 5 
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Then 


„ ^3 

5 = 9.5 e 2.2 


i.e., / 3 — 1.35 milliseconds. 

Therefore the time period is (4.87 -f .07+1 .35) = 6.29 milliseconds and the 
experimental value of the same for the circuit is 6.3 milliseconds, In order to 



find out plate voltage waveform of V 2 at any instant we should know the grid 
to cathode voltage of V 2 at that instant. When ec._, is .33 volt at the instant r 2 , 
the corresponding current in V 2 is 1 mA. Ho the voltage drop across lt JA is 100 
volts and e nb2 — (125—100) — 25 volts. 



At the instant r a , e cri2 is equal to e k , so grid-cathode voltage of V 2 is equal 
to zero and the plate current comes out to be .95 mA from the load line, So 
the voltage drop across at that instant is 95 volts. 
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Therefore, eb m at that instant is (125—95) = 30 volts. 

Again at the instant r v e t = 7 volts and e,„ a ^ 5 volts, so -2 volts and 
current corresponding to e r3 - -2 volts is .OH mA which is obtained from the 
load line; so the voltage across R u volts is OS volts and e bia is equal to (125-68) 
=. 57 volts. During the time r t to r 2 , the tube V., was not conducting at all, 
ho its plate voltage is equal to 125 volts. 

X P J<: K r M K N T A L II K S V L T K 

A double beam Cossor oscillograph is used to measure the time period and 
dillbront electrode potentials at dilferent instants. The values of the circuit 
elements, such as resistances, capacitances are checked by means of RCA senior 
volt ohmyat and Chit, impedance bridge. 


TABLE 1 

K<n =* 1 megohm, K b -- 125 volts, ll K -- IOKq V - 2000 pf. V l and 

V 2 — 6J5 tube 


H 


L i = 0 oi imlliHcc-H / 2 h f., m nnlliat't'N 

in kilo- — -- — 

Ohsoivod j (Vilfu 


100 

4 9 

4 H7 

I 4 

1 .42 

HO 

4 8 

4 7 

2.0 

2 02 

(10 

4 4 

4 4.7 

2. 1 

2.47 

40 

4.0 

4 2 

3 4 

3 H 


TABLE T1 

]i h =13(1 volts, R Ll = R ja - 100 Ktl, (! — 2100 j>f, X K - 10 Ksi, 
1'j and K a — 6J5 tube. 


J{ gl — Bg‘i 
in kilo-ohms 

q in 

imllisocs 

1» 1 t» m nullisoos 

Ohsoivod 

I Calculated 
| 

| Observed j 

Oidmhuod 

1000 

5 . 5 

5.3 

1 S 

1.6S 

650 

3.7 

3 . 45 

1.2 

1.18 

350 

2.0 

1 . 83 

0.90 

0.74 

90 

0.5 

0 478 

0.40 

0.355 
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TABLE 111 


130 volts. 

Hffl - ftffU — 1 

l' = 2iook/; 

megohm, 

V 1 and V 2 

n m ^ Hi* «* ioo Ki 2 , 

= 0J5 tube. 

/{ K in 
kilo-oliDis. 

q in mdlisHCH. 

ta-Ma ni millisoes. 

j Observed 

Calculated 

Observed 

Calculated 

10 K 

o r» 

5 3 

i 8 

1.68 

1 r,K 

4 8 

5 0 

2 8 

2.9 

>r,K 

1 2 

4 4 

3 0 

4 7 


TABLE IV 

Mb = 170 volts, R 01 — R g2 — 340 Kfi, U K — 10 Ku, R tl = R L a 
and P 2 =• 6Jf> tube. 


/i in milliHera. t -2 I t\ m milliners 


< m VJ 

i Obsorv ml 

1 Calculated 

Observed 

Calculated 

2000 

1 3 

1 28 

J 1 

1.2 

1020 

.65 

. 658 

.55 

.60 

r> i o 

.32 

. 329 

.29 

.30 

250 

i r> 

16 

15 

15 



0 0 N 0 L U H l ON 

It can be concluded from the tables that the method given, can be used 
reliably to find out time period and different electrode potentials of free running 
cathode-coupled multivibrator. Still the following points are to lie observed 
very carefully. 

1 The effects of shunting capacitances are neglected in this analysis, so 
the analysis is valid at lower repetition frequency, when the coupling capacitance 
0 is much larger than the shunting capacitances. At fairly~high frequency lange, 
the shunting capacitances are of same order as the coupling capacitance: its 
effects therefore, cannot be neglected. So in case of analysis, at high frequency 
range, the method should be modified slightly. 1 

2. The analysis is correct, when the circuit is operating like a perfect relaxa- 
tion oscillator. Thereby it is meant that during the first relaxation period 
the tube V 1 is off and l / 2 is on and during the second relaxation period V 2 is oft 
and T\ is on,. When cathode resistance R k is very small compared with the plate 



439 


Cathode-Coupled free Hunning Multivibrator 

resistance R p and load resistance R L such that the voltage drop across H ti . even 
at maximum current, is too small to bring the tube to cut-off. In this case 
also, the oscillation will also go on ami during the one relaxation period V x is 
on and V t is off and during the other relaxation period V x is on and 1^ is also 
oil with lesser plate current than that it had during the tiist relaxation period. 
Tn those cases slightly modified method should In* used. 
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ABSTRACT. Tho mposm’owimtB of thp velocity ol propagation o( discharge in Geiger 
counters havo boen carried out by the method of delayed coincidences The measurements 
ere interesting only m showing a divergence ot results from the theoiy after tho point where 
the charge generated becomes equal to tho charge on the central wire. The spread duo to 
electrons is considered to take a lead over the spread by virluo ol ultraviolet photon content 
of tho earlier avalanches after this point. 


1. INTRODUCTION 


Two highly approximate theories on the mechanism of propagation of dis- 
charge in organic vapour rare gas filled counters have been advanced by Alder 
<>t ah (1947) and Wilkinson (1948). Although their assumptions differ, they both 
agree that tho discharge occurs by a series of photo-onization processes, each follow- 
er! by a short radial Townsend avalanche, along tho wire, as indicated by the 
experiments of Htevor (1942), and WiJkoning and Kanne (1942). The ultraviolet 
photons which trigger the discharge have energies equal to or greater than tho first 
excitation potential of argon, that is, 11.5 V. 

The velocity of propagation of the discharge along a counter wire has been 
measured by several workers, employing different methods, Hill and Dunworth 
(1946). Huber ct ol (1940), Wantuch (1947), Knowles et ah (1947), Balakrishnan 
and (Yaggs (1950), Nalizmann and Montgomery (1950), Mortier and Roose (1954) 
and Mortier (1955). Unfortunately all of these reports pertain to the voltages cither 
at threshold or a few volts above it, but none dealt with overvoltages of 200 volts 
ot- more. 

The present investigation was conducted to sec tho counter behaviour at 
and beyond voltages corresponding to m — =1. the chaige founed 

discharge divided by the charge on the wire. A break is expected to occur for 
voltages beyond rr> — 1, from the theory of Wilkinson, 


2. EXPERIMENTAL 8ET UP 

The externally coated maze typo counters, filled with 
and argon as the filling admixture to its total pressure of 10 "J®®’ 

ployed. These counters have been described elsewhere, Pun and Gill (19o6). 
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The block diagram of the electronic circuitry is shown in figure 1. A pulse 
resulting from discharge build-up in one of the short end cylinders (1.5 cm long) 



Fig. l 


of the split cathode counters, is put into a square wave-shape by cathode-coupled 
multivibrator in the direct channel aftei the pulse has been delaj^ed by an arti- 
ficial delay Td, which can be conveniently varied from 0.2 microseconds, by pass- 
ing it through a network of inductances and capacitances that behave like simu- 
lative transmission lines. The discharge then spi earls along the counter and the 
subsequent pulse from the other end cylinder, designated “stop cylinder' 7 as the 
discharge reaches it, marks the arrival of the discharge after a natural delay td , 
which depends upon the finite speed of propagation of the Geiger discharge, which 
in its turn depends upon the overvoltage, the nature and composition of the gas 
filling. This stop pulse is put into the square wave form by the cathode-coupled 
multivibrator in the delay channel. The two rectangular pulses, the direct (arti- 
ficially delayed) and the delayed (naturally delayed) were of nearly 15 micro- 
seconds duration each One of them was differentiated and made coincident 
with the other square pulse. 

Two sets of observations were made. In the first set, pulses from the start 
cylinder remained as square form and the coincidence took place as long as the 
delay time was within the time due to the spread of the discharge. The results 
arc shown by curve A in figure 2. In the second set, the said pulses were 
differentiated and the coincidence occurred only when the delay time became 
larger than the spread time. The results are plotted in curve J5. 

The time of spread is determined from the maximum point of curve C obtained 
by superimposing the two curves. This procedure eliminated the finite resolv- 
ing time of the coincidence circuit and the finite width of the differentiated pulse, 
The detailed diagram of the whole assembly is shown in figure 3. 
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ery small mitiaFp^ '™'° uaefl hence only 



cuii. Due to these preamplifiers, the pulses suffer fai 
in shape or size in traversing the delay line. 


less distortion or change 



The delay line was made in the laboratory and consisted of 50 sections of wood 
( ored inductances of nearly equal value, different points of which were grounded 
through condensers, making it a multisectioned shaped delay line, The delay 
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introduced per section was 0.2 microsecond. The cathode coupled multivibrator 
which was used for putting the pulses into the square shape was constituted by two 
6AK5 tubes. The speed of transition depends primarily upon the quantity, as 
given by Chance and Hughes (1949), g 1 ^IG 1 C t where g m is the mutual conduct- 
ance of the tube, C 1 and C 2 are the stray capacities. In the present case, 0 1 and 
C 2 were kept to a minimum by employing miniature tubes, keeping the wiring 
short and taking the output signal from the multivibrator through a cathode 
follower. The plate resistances were kept fairly small so that the tubes operated 
at high current and therefore at high <j m . The rest of the circuit elements 
were of the conventional types. 

It was thoroughly tested with artificial pulses before finally using it for the 
discharge velocity measurements. 

The counter employed was 28 cm long, on either side of which were cathodes 
of 1.5 cm length, The discharges were initiated in the start cylinder by ganjma- 
rays from a radioactive substance collimated by a small hole in a lead block. The 
whole counter was shielded from back-ground radiation by placing it in an axially 



Fig. 4a 

bored 1" diameter hole in a lead block of 6"x6" area, except at the place ot irra- 
diation, 
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The results are shown in figures 4(a) and 4(b) lor two filling mixtures The 
values of propagation velocity at smaller overvoltages are not inconsistent with 
the results of other workers. 



The earlier parts of the curves of figure 4(a) and 4(b) shows linear increase 
with overvoltage, whereas at overvoltages of 80 volts and 160 volts for counters 
1 and 2 respectively, the curve deviates from the earlier part. The values of 
discharge velocity are too large to fit the theory. The points of initial diver- 


gence correspond to the points 


"£o" 


1. in the two cases. 


8. DISCUSSION 

Spreading of discharge in Geigcr-Muller counters is generally described as 
occurring through a succession of elementary processes where photons of a pri- 
mary avalanche release electrons either out of the cathode (in non-self- quenching 
counters) or out of the filling gas (in self- quenching counters). The secondary 
electrons initiate the necessary new avalanches. The duration of an elementary 
process is the sum of the (1) time intervals involved in the production and migra- 
tion of photons and (2) transit time of the secondary electrons, 
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With gas mixtures commonly used in counters, for example 9 cm argon plus 
one cm alcohol vapour, the values of absorption coefficient are of the order of 
0.1 cm, (Alder etal, 1947). These values incidentally are also supported by the 
experiments with glq-ss beads, for a 1 mm bead will in many cases stop a discharge 
spread. The picture of the progress of the discharge consists in a series of steps, 
each averaging around one mm in length and then followed by a de- excitation 
time of around 10“ 8 second. The new electron formed by the absorption of the 
quantum and resulting photoionization of the organic molecule then originates 
a new Townsend avalanche. The distance of travel for the electron from the point 
of formation to the wire being 0.1 cm or less, occurs in a region where the field is 
high, 10“ or more volts/cm, and so requires time of the order of 10~° second 
Since the duration of single step cannot be much less than 10” B second, the velocity 
of spread may be as much as 10" 6 to I0 7 cm/sec. This is supported by the earlier 

Q 

parts of the curves, till the point m = 1- 

Vo 

After the voltage corresponding to point m = 1 reaches, the charge generated 
being equal to the charge on the wire, there is no resultant pull on the electrons 
towards the central wire. The wire next to that “Burning out”, however, is still 
active and can pull the electrons, which so far arc free in the burnt out part of the 
wire. The transit time of electron in such high fields requires times of the order 
of 10 -0 second, resulting in the propagation velocity of discharge of 10 7 to 10 fl 
cm/second. The spread by virtue of ultraviolet photons generated jn the eftrliei 
avalanches is still active, but the spread due to electrons takes a lead, since this 
process requires comparatively less time. 
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Plate X 

ABSTRACT. Tho ultiavioU absorption spectra of o.m./i-fluorodilorobon/ono vupours 
W|,p rot ‘ orded and rtnftI y^ d ‘ [n the spectrum of the ortho isomer about 140 rod degraded 
bands are recorded in the region 28*0-2420 A, with the 0,0 band at 370*5 cnH . Those 
bands are interpreted m toms of 9 upper state and 9 ground state frequencies. For the 
vneta isomer 140 red degraded bands me recorded m the region 2850-2380 A with the C,0 
band at 37027 cm-'. The bands are intei pivted in terms of 8 upper state and 5 ground 
slate frequencies. In the spectrum of the para compound about 240 bands are recorded 
in the region 2940 2380 A, the 0,0 band lying at 36276 em-i. Those bands aio interpreted 
m terms of 6 upper stale and ft ground state frequencies. The selected fundamentals m all 
the three cases are correlated with the Hainan frequencies and are assigned to the olmructens. 
lie normal modes of the molecules. \ compared i\e study of the (1,0 shifts, the prominent 
o-r separations and the* intensities ol the C-Cl and U-K stretching modes is mad* in the three 
i (impounds. 


1NTR O D l T V T I 0 N 

A number of investigations were carried out on the study of the infrared. 
(Lecomle, 193ft, Parodi, 1941; Kamada, 1952, Milone & Borllo, 1952 and 
Nielsen, 1953, 1956). Raman effect (Kohlrausch, 1947; Hertz, 194ft, 1942 and 
Spoiler & Kirby -Smith, 1941) and the ultraviolet absorption chiefly in solution 
( Conrad -Billroth & Forster. 1936; Dima & Tiotea, 1940; Spoiler, 1942, 1952, 
Sreeramamurty, 1951; Cooper, 1954 and Anno Matubara, 1955) of the dihalo- 
genated benzenes of the type ortho, meta, para-C a H 4 XY and C 6 H 4 X a but the 
ultraviolet absorption in the vapour phase for several molecules of the XY type 
remain uninvestigated, particularly of those which contain fluorine as a substi- 
tuent. A comprehensive investigation of these typos of substituted benzenes 
has been planned by the author with a view to arriving at the fundamental vibra- 
tional frequencies of the molecules both in the ground and excited states. The 
author has been enabled to carry out this plan through the genorosity of 
Dr G. C. Finger of the Illionois State Geological Survey who made a gift to the 
author nine .of these compounds (o, wi, jp-nionohaloflnorobenzenes) which weTc 
immediately taken up for investigation consisting ol the study of tho Raman 
■ ' 447 
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effect , the infrared and ultraviolet absorption, the last being in the vapour phase. 
Some of the results have already been reported briefly in letters published in Indian 
Journal of Physics (Krishnamachari, 1955, 1956) and in Current Science (author, 
1955, 1956). The present paper deals with a detailed discussion of the analysis 
of the ultraviolet absorption spectra of a, m, p-fluoroehlorobenzenes. There is 
no previous work on the absorption of the para compound while the ortho and 
meta compounds were investigated in hexane solution by Conrod-Billrotb (1936). 
The latest work on the infrared and Raman spectra of these compounds is that 
of the Nielsen and co-workers (1956). 

The experimental set up developed in this laboratory for studies of the kind 
described here has been already described elsewhere (Krishnamachari, 1956a) 
The samples of o, m, ^-fiuorochlorobenzenos supplied by Dr. Finger wore vadium 

distilled twice before use \ 

\ 

DESCRIPTION OV THE BANDS 
o-Fluorochlorobenzene : 

The absorption spectrum of this molecule lies in the region between 2830 
and 2420 A. About 140 bands are recorded in various stages of the saturated 
vapour pressures corresponding to different temperatures The minimum 
number of bands are recorded with a 5 cm. cell at — 18 W C. These are at 37035, 
37674, 37833, 37975, and 38111 cm” 1 . Of these the one lying at^ the longest 
wavelength, i.c., 37035 cm -1 , was chosen as the 0,0 band of the system. The 
maximum number of discrete bands are recorded with a 50 cm. cell at- - ) 5°C 
At higher temperatures the absorption on the violet side grows stronger and 
becomes continuous, and hands corresponding to the excitation of the highci 
frequency vibrations in the ground electronic state of the molecule gradually 
appear on the red end of the continuum. The longest wavelength band near 
about 2830 A is recorded at 60°C. The bands are red degraded and almost all 
the strong bands are accompanied by satellite bands on the long wavelength 
side with separations 35, 69 and 125 cm -1 and their multiples, the 69 cm" 1 separa- 
tion being the most pronounced one The band data are listed in Table 1. The 
intensities are only visual estimates and have the following significance 
w — weak, mw — medium weak, m — medium, ms —jnedium strong, s =■ 
strong, vst — very strong, sh = shai'p, d — diffuse and b ~ broad. The deve- 
lopment of the spectrum under different experimental conditions is shown in 
figure I Plato X. 

m-Fluorochlorobenzene : 

The meta spectrum lies in the region 2850-2380 A in which about 1 40 rod 
degraded bands are recorded. The minimum number of bands observed with 
a 5 cm. cell at — 18°C are 37027, 37663 and 37993 cm" 1 of which the longest 
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TABLE I 

Absorption bands of o-fluorochlorobenzeno 

V 


Intonsity 

a** 

Assignment 

ora -1 






50cto, 60 fi C 



35315 

ow,b,d 


-1720 

-1031-685 = 1716 

35625 

0W 


-J410 

— 1031 —367 - 1398 

35666 

Vff 


-1369 

-2x685 » 1370 

35720 

w 


-1315 

— 830—489 — J31 9, - 1246-69-1315 

35765 

m 


-1275 




50cto, 28°C 


35780 

to 

tow 

-1246 

0-1246 

35706 


tow 

-1239 

-556 -685 1241 

35839 


w 

-1196 

-830-367 -= 1197 

35902 


m,d 

-1133 

0 — 1133 

35934 


w 

-1101 

-2X556 ^ 1112, -1031 -69 1100 

3600-1 


to, eh 

-1031 

0-1(131 

36070 


tow,d 

-965 

—830 — 2 X 09 — 968,4 274— 124U --972 

36105 


mw 

-930 

-367-556 -- 923 

36036 


rn.sh 

-899 

-830-69 =■ 899 

36205 


et.eh 

-830 

0- 830 

36227 


toe, eh 

-808 

-685-125 ^ 810 

36283 


si 

-752 

1-274-1031 - 757, -685-69 = 754 


50cm, - 

■15°C 



36350 

ms 

\at 

-685 

0-685 

36441 

mw 


-594 

-1-051 - 1246 ^ 595 

30479 

w 


-556 

0-556 

36514 

in 


-521 

+ 513-1031 - 518 

36546 

w 


-489 

+639-1133 -= 494, 0-489 

36586 

to,d 


-449 

+794-1246 ^ 452 

36624 

mw,d 


-411 

+ 274-685 = 411 

3666K 

Bt. 


-367 

0-367 



25ota, - 

-15°C 


36759 

Hi 

vw 

-276 

+ 274-556 = 282 

36801 


\v 

-234 

+ 794-1031 - 237 

36820 


TOW 

-215 

f 274-489 = 215 

36W4 


tow 

-211 

477-685 208 

36837 


vw 

-198 

- 3 x 69 -- 207 

3684 1 


mv 

-194 

+ 639-830 = 191 

36865 


ew 

-no 

+ 513-685 = 172, 0-170 

36890 


to 

-139 

-2X69 -- 188 

36910 


tow 

-125 

0-125 

36933 


w 

-102 

-69-34 -- 103, 1 929-1031 - L02 



25cm, 

— lf»°C' 


36959 


at 

— 76 

+ 474—556 -- 79 

36966 


si 

— 69 

—69 

37001 


to 

- 34 

-) 794 --830 36, 1-651-685 - 34 

37035 


vet 

0 

0,0 

27062 


vw 

27 

1-513-489 -- 24 

37 134 


TOW 

99 

+ 929 -83U - 99, 0 + 99 

37182 


w 

147 

+ 513-367 - 146 

37206 


tow 

171 


37309 


tow 

274 

+639-367 - 272, 0 + 274 

37421 


w 

386 

+ 940-556 = 384 

37449 


tow 

414 

+ 1248-830 - 418 

37512 


w 

477 

0+477 

37534 


w 

499 

+ 639-2X69 --- 501 

37548 


tow 

513 

0 1 513 

37557 



522 

+ 1076-556 =-= 520 

37606 


tn 

571 

-1 639-69 - 570 

376U) 


w 

584 

+ 1076-489 = 587 

37b39 


w 

604 

639-34 ■= 605 

37074 

2 


flfc 

639 

0 + 039 



450 


S. L. N. 0. Krishnamachari 
TABLE I (Contd.) 


V 

cm -1 


Intoruuty 

37686 


HIM 

ill'll 


mw 

37782 


lllh 

37798 


m\\ 

37829 


st 

37833 


st 

37896 


HIM 

37005 


m 

37964 


sit. 

37975 


St' 

37984 


mw 

38040 


in 

38077 


inw 

38111 


si 

38152 


vw 

38214 


\V 

38234 


w 

38283 


in 

38304 


w 

38317 


w 

38344 


vw 

38380 


w 

38398 


w 

38168 


inw 

38479 


w 

38555 


mw.i l 

38611 


tn,d 

38620 


mw.il 

38626 


mw.d 

38076 


w 

3 8748 


m,d 

38758 


in.d 

38770 


m,d 

38835 


mw,d 

38906 


ln,d 

38928 


vw 

38976 


W 

39036 


in,(l 

39049 


ln.,d 

39071 


vw 

39107 


V 

39182 


hiv 

39209 


w,d 

39218 


w,d 

39262 


w 

39283 


vw 


50rtn, — J5°C 

39356 

5m 

w 

39397 

ln,b,d 


39417 

tn,b,d 


39470 

w,d 


39484 

w,d 


39434 

inn, b, d 


39558 

m«,b,d 


39608 

w,d 


39628 

\v,d 


39678 

kns,b,d 


39694 

tns,b,d 


39761 

vw 


39833 

m,b,d 



± v ABBiKi'imont 

fin -1 


651 

692 

727 

763 

794 

798 

861 

870 

929 

940 

949 

1005 

1042 

1076 

1117 

1179 

1199 

1248 

1269 

1282 

1309 

1345 

1363 

1433 

1444 


1576 
1583 
1591 
1 64 1 
1713 
1723 
1735 
1 H00 
1871 
1893 
1941 
2001 
2014 
2036 
2072 
2147 
2174 
2183 
2227 
2248 


0-| 651 ? 

1-1248 -556 -- 692 
-4- 794 -69 -= 725 

1-1248 — 489 = 759, 4 794-34 « 769 
0 1-794 


929 — 69 = 860 
2 x 470-69 -= 871 
0 1-929 

2 x 470 -t 940 
2 v 477 -- 954 
1076 -69 = 1005 
1076 -34 --- 1042 
0-1 1076 
477 1 - 639 'm 
1248-69 - 1179 
274 1-929 = 1203 
0 1-1248 

477 | -794 -- 1271 

2 X 639 -- J 278 

513 + 794 - 1307 

271 1-1076 - 1350 

791 1 - 639-69 - 1364 

794 1-639 1433 

513 1-929 N 42 

1248 1 274 — 1522 , 2 x 794 - 

639 | 929 = 1568 




651 | 2 A 470 - 1591 . 
639 i 1076-69 -= 1646 
639 1-1076 - 1715 
794 1 929 - 1723 
794 1 2 X 470 1734 

1076-1 794 — 69 - 1801 


107 G-l 794 - 1870 
639 1 1248 - 1887 

1076 1-929 -69 - 1936 
1076 r 929 -- 2005 
1076-1 2 X 470 - 3016 
L248-1 794 - 2042 
2 x' 1076- 69 - 2083 


2 X 1076 - 2152 
929-1 1 248 — 2177 
1248 + 2x470 - 2188 
639-1 2x794 - 3227 
10764 1248 - 69 - 2255 


\ 


1 


69-1519 


2321 1 07G+ 1348 - 3324 

2362 929 1-794 1 639 -- 2362 

2382 3x794 = 2382 

2435 1 070 -j 794 | 639-09 - 3440 

2449 2x794-1-929 — 69 = 2448 

2499 794-1 639 -| 1076 = 2509, 

2 X 1248 — 2496 
2523 2 X. 794 4 929 - 2517 

2573 0394-1076-1-929-69 - 257.) 

2593 2 X 7 94 + 1 076 — 69 ----- 2595 

2643 639 1070 + 929 = 2644 

2659 2x794 + 1076 — 2664 

2726 10764 7944 929-69 = 2730 

2798 2x1076 1-639 = 2791 
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TABLE 1 {(fontd.) 


V 

ctn~i 


Intensity 

39843 

tn.lipd 


39903 

w,d 

50cm, -- 15°(J 


39970 

ln,b,d 


39977 

m,b,d 


40042 

w,d 


40120 

m,b,d 


40 J 89 

mw 


402H6 

w,b,d 

50cm, 20 P C 

403.7] 

w.b.d 

m,b,d 

40420 


m 

40474 


m.vb.d 

40490 


m,vb,d 

40551 


mw 

40620 


m.vb.d 

40032 


m,vb,d 

40689 


vw,b,d 

40761 


m ,vb.d 

40772 


m,vb,d 

40826 


w 

40904 


m\v,vb,d 

40921 


mw,vb,d 

41054 


mw.li,d 

41 128 


mvv,b,d 

4 1187 


\v,b,d 

41264 


vt ,b,d 


Av 

cm-i 

Assignment. 

2808 

1070 f794-| 929 -= 2799 

2868 

1076 |-2; 929 

- 09 - 2805 

2935 

1076-1 2 929 

- 2934 

2942 

2x1076-1 794 

- 2946 

3007 

2 > 1076 -1-929 

-69 - 3012 

3085 

2x 1070 f 929 

--- 3081 

3154 

2 > 794 -| 639 4 

929 - 3156.01:3154 

3251 

1076 4- 1248 | 929 ~ 3253 

3316 

3 y 794 | 929 

- 3311 

3391 

2> 1076 1-1248 =_ 3400 

3439 

2 x 794 i 929 f 

929 -- 3446 

3455 

1076 4, 929 | 

794 + 639 -= 34 38 

1076-1-3/ 794 

- 3458 

3516 

1076 1 2 v 794 

| 929-69 ~ 3524 

3585 

1076 | 2 x 791 

| 929 - 3593 

3597 



3654 

1076 i 79 H 2 

929 -69 3659 

3726 

1076 + 794 -( 2 

\ 929 -- 3728 

3737 

2 > 1076 ] 2, ' 

794 _ 3740 

379] 



3869 

2 > 1076 -1 929 

! 794 -- 3875 

3886 

639 1 1076 1 9! 

29+1248 3892 

4019 

2' 10704 794 

-! 1076 4022 

4093 

3 x794 1-929+794 - 4105 

4 1 52 

2 > 1076 f 929 

-1 1076 - 4157 

4229 

2 • 929+ 3 - 794 - 4240 


w avelength one, the 37027 cm -1 band, is chosen as the 0,0 band of the system. 
The effect of increasing the temperature and path length is the same as m the 
ease of the ortho compound. The maximum number of discrete bands are 
record eel with a 50 cm, coll cell at - 10 C, C and the longest wavelength band is 
recorded at 100°(b As m the ortho compound satellite bands occur on the long 
wavelength side of the strong bands, the intervals are 42 cm -1 and 7iS cm 1 and 
their multiples, the latter being more pronounced. The band data arc presented 
in Table II. The development of the spectrum is shown in figure 2 (Plate X) 


TABLE IT 

Absorption hands of w-fliioroohlorobeiizene 

1 ntons i ty A* ^ 


‘m _1 



cm -1 


35124 

50cm, 100°(! 
vw.b 


- 1903 

— 1007 — 895 - 1902 

35247 

35332 

in,b 

50cm. 80°C 
vw,b 
w.b 

-1780 
— 1 695 

-2XH95 =- 1790 
-1007 -688 - 1695 

35447 

35571 

35600 

50cm, 70°0 
ew,b 
w,b 
w,b 

w,b 

. 1580 

— 1456 

- 1427 

-688- 895 - 1583 

- 1264 2x 78 - 1420 

35640 

mw,b 

50cm, 50°C 
w,b,d 

-1387 

— 1229 — 2 > 78 - 1385 
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TABLE II (Contd.) 




Intensity 

A" 

cm-i 

Assignment 

35679 


w,b,d 

-1348 

-1264-78 = 1342 

35719 


mw,b,d 

-1308 

-1229-78 = 1307 

35763 


mw,sh 

-1264 

0-1264 

35798 


ms, sli 

1229 

0-1229 

35836 


w,b1i 

-1191 

-1007-186 =■ 1193 

35867 


ms,d 

-1160 

-1007-2x78 = 1163 

35902 


w,d 

-1125 


35941 


s,h1i 

-1086 

-1007-78 _ 1085 

35977 


vw,sb 

-1050 

-2x1007 + 906 = 1048, 0- 1050 

36020 


s,sh 

-1007 

0-1007 

36056 


m,b 

-971 

-895-78 = 973 

36132 


ms, Hh 

-895 

0-895 

36171 


ms,b 

-856 


36217 


vw,b 

-810 

-1007 1-966 — 688 — 78 = 807 

36263 


s,b 

-764 

— 688 — 78 766 

36275 


vw,b 

-752 

\ 

36295 


vw,b 

-732 

-1007 + 960-688 = 729 ' 

36339 


vs,sh 

-688 

0-688 

36432 


s,b 

-595 

-1229 + 636 ^ 593 

36589 

25oln, - 1 5°C 

w,b 

-438 

— 895+455 — 440 

36673 

w,d 

H,b 

-354 

-688 + 327 - 361 

36688 

w,sh 


-339 

— 186 — 2 y 78 344 

36721 

mw,b 


-306 

.-4X78 — 312 

36742 

mw,b 


-285 

-1229 + 1023-78 = 284 

36765 

tnw.b 


-262 

— 895 + 636 = 259 

36793 

m.Hli 


-234 

-3x78 = 234 

36799 

llmw,Hh 


-228 


36807 

tnw.sh 


-220 


36814 

tnw,sh 

25cm, — 1 5 W C 


-213 

1023 — 1229 — 200 

36835 

lnw,Bh 


- 192 


36841 

mw,sh 


-186 

0-180 

36872 

ms, fih 


-155 

— 2x78 = 156 

36878 

m,sli 


-149 


36905 

mw,sli 


-122 

— 1 007 -\ 966-78 = 119 

36949 

S,Hh 


-78 

0-78 

36953 

mH,Hh 


-74 


36976 

W,b 


-52 

-688 f 636 = 52 

36979 

vw,sh 


— 48 

-895. +846 «-= 49 

36985 

mw,d 


-42 

-1007+966 41 

37022 

s,sh 


ij 


37027 

vs,sh 


0 

0,0 

37030 

W,fill 

25cm, 0°C 

3 


37048 

ow 

mw,b,d 

21 

1251-1229 = 22 

37102 


w,b,d 

75 

966 — 895 ^71 

37109 


w,sli 

82 

1251-1007-2x78 = 88 

37151 


ms,Hh 

124 

1023 — 895 = 128 

37190 


ms, sh 

163 

846-688 — 158, 1251-1007 — 78- 16( 





0+ 163 

37231 


mR,Rh 

204 

1218-1007 = 211 

37267 


m.sh 

240 

1251 —1007 = 244 

37345 


ms,sh 

318 

1 218 — 895 = 323 

37354 


ms,sh 

327 

0 + 327 

37393 


m,b,d 

366 


37427 


W,Hh 

400 

636 — 3 X 78 = 402 ‘ 

37482 

25cm, -15°C 

ms,b,d 

455 

0 + 455 

37507 

inwall 

st,b,d 

480 

636-2x78 = 480 

37541 

w,sh 

514 

0 + 514 

37585 

e,sh 


558 

636-78 = 558 
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TABLE II (Gontd.) 


v 

cm- 1 


Intensity 


Av 

cm - ' 1 


Assignment. 


37591 m,ah 

37611 w,d 

37621 w,d 

37663 vs,sh 

37666 m,sh 


564 1251 —088 = 563 

584 2x630 — 688 — 584 

594 636 + 900 - 1 007 = 595 

036 0.630 

639 


37684 

w,b,d 

37762 

mw,b,d 

37798 

m,sli 

37800 

w,d 

37838 

ms,d 

37B73 

ms,sh 


25cm, -15' 

37915 

s,sh 

37021 

me, fib 

37951 

m,Bb 

37987 

s,sh 

37993 

vs, sli 

37996 

w,h1i 

38060 

m,sh 

38080 

w,b,d 

38114 

w,b,(J 

38107 

mw,sb 

38172 

vw,sb 

38202 

w,b,d 


057 2 X 327 - 654 

735 906 — 3x78 — 732 

771 846-78 = 708 

779 960-180 = 780, 4554-327 a* 782 

811 960-2x78 = 810 

846 0-1-840 

888 966-78 = 888 

894 

924 2x966-1007 = 925 

960 

906 0-1-966 

969 

1023 0-1 1023 

1059 1218—2 ^ 78 = 1062 

L087 636 1-455 = 1091 

1140 1218-78 - 1140 

1145 030|614-1J5O 

1175 8404- 327 1173 


38245 

ms,«li 

38278 

w,sh 

38290 

vw.b,d 

38319 

\ w,b,d 

38393 

vw,b,d 

38444 

vw,b,d 

38471 

vw,b,d 

38509 

v\v,b,d 

38547 

mH,d 

38023 

s,ah 

38629 

vs,sh 

38088 

mw,b,d 

38757 

\v,b,d 

38796 

tnw,b,d 

38839 

tnw,Hb 

38882 

s,h1i 

38854 

a,d 

38959 

s,d 

39013 

w,sh 

39091 

ew,b,d 

39130 

vw,b,d 

39211 

m,sh 

39241 

•w,b,d 

39203 

w,b,d 

39393 

vw,b,d 

39471 

w,b,d 

39510 

mw,b,d 

39592 

m,b,d 

39643 

mw,b,d 

39724 

w,b,d 

25cm, — 15‘ 

39758 

w,b,d 

39800 

w,b,d 

39845 

ntw.b.d 

39928 

m,b,d 

40022 

tnw,b,d 


1218 0 1 1218 

1261 0 | 1251 

1269 2x036 — 1272 

1292 327 + 966 - 1293 

1366 636 + 966-3x78 - 1308 

HI" 966 | 455 = 1421 

1444 030 H 966 -2x78 = 1446 

1482 514 \ 900 = 1480, 8404 036 -■* 1482 

1520 036 | 900-78 = 1524 

1596 

1602 636+966 = 1602 

1661 1023 + 630 = 1659 

1730 966 + 846-78 = 1734 

1769 2x966- 2x78 = 1770 

1812 906 + 846 — 1812 

1855 2x966 - 78 = 1854 

1927 

1932 2X966 = 1932 

1986 1023 + 906 = 1989 

2064 1218 + 846 = 2064 

2103 1218+906 — 78 -= 2100 

2184 12184-906 = 2184 

2214 12514 906 = 2217 

2236 2x636 + 960 = 2238 

2366 514 + 2x906-78 = 2368 

2444 846 + 636 |-966 = 2448 

2489 636 + 2x966-78 = 2400 

2505 636 + 2x906 = 2568 

2616 1023+0364-966 = 2625 

2697 846 + 2x966-78 = 2700 


2731 

2773 

2818 

2901 

2955 


846+2x906 = 2778 
3x966-78 = 2820 
3X966 = 2898 
10234 2 x 966 - 2955 


50cm, 0°C 
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TABLE II (Contd.) 


V 

cm - " 1 

Intensity 

As 

cm -1 

Assignment 

40183 

ew 

mw,b,d 

3156 

1218 + 2x966 ^ 3150 

40218 


mw,b 

3191 

0+3191 

40247 


w,b,d 

3220 


40325 


w,b,d 

3298 


40442 


aw,b,d 

3415 

636 + 848 + 2x966 = 3414 

40507 


ms.b.d 

3540 

636 + 3x966 = 3534 

40633 


m,b,d 

3606 

1023 + 636-1 2x966 - 3591 

40777 


tow,b,d 

3750 

84 6 + 3x066 = 3744 

40818 


m,b,d 

379] 

4 >< 966 — 78 = 3786 

40893 


m,b,d 

3866 

4 X 966 = 3864 

40959 


m\v,b,d 

3932 

1023-1 3X966 •--- 3921 

41029 


w,b,d 

4002 


41077 


w,b,d 

4050 

i 

41111 


w,b,d 

4084 


41155 


vw,b,d 

4128 

\ 

41186 


\v,b,d 

4159 

33111 | 966 4157 \ 


50cm, 25°C 



\ 

41518 

rnw.b.d 

ew,h,d 

4 491 

036 H 4X966 4500 

41676 

*nw,b,d 


4549 

1023 H 636 !- 3 v 966 =- 4557 

41640 

w,b,d 


4613 


41721 

mw,b,d 


4694 


41901 

w,b,d 


4874 

4 x 960 j 1023 --- 4887 


p-Fluorochlorobenzene. - - 

The para spectrum lies in the region between 2940 and 2380 A. About 
240 bands are recorded in this region. Many of the strong bands appear to be 
slightly violet degraded. The least number of bands are recorded with a 50 cm 
cell at — 70°C. These are at 30276, 37070. 37339 and 38133 cm -1 , and the one 
at 36276 cm" 1 is chosen as the 0,0 band of the system. The effect of increasing 
the temperature and path length is similar to that for the ortho and meta com- 
pounds. The maximum number of discrete bands are recorded with a 60 cm 
cell at — 10°C and the longest wavelength hand is recorded at 100°C. with a 
75 cm. tube. The satellites occur with separations of 33 cm -1 . The band data 
arc collected in Table III and the spectrum is reproduced in figure 3 (Plate X) 

In addition to the near ultraviolet electronic spectra discussed above, there 
is another continuous absorption system below 2150 A for all the three mole- 
cules. We could only observe the long wavelength edge of this system which 
gradually moves towards the red with increasing temperatures and finally merges 
with the system on the long wavelength side described above. 

ANALYSTS AND DISCUSSION 

The ortho and meta-fluorochlorobonzene molecules belong to the C„ P 01,lt 
group with the molecular plane as the only element of symmetry. The near 
ultraviolet absorption spectrum of benzene has been interpreted as due to the 
forbidden electronic transition made allowed by the superposition 

of the c+j vibrations on any one of the electronic states. 



34048 

34090 

34131 

34103 

34218 

342,10 

34282 

34312 

34340 

34379 

34537 
34.107 
34000 
34029 
34003 
3 1080 


34808 

34K44 

34H72 

34899 

34933 

34971 

3.1003 

31037 

3.1001 

3,1082 

31094 

3.1117 

3.1149 

3.1180 


3.1210 

31267 

31289 

3.1319 

3.1340 

35353 

31378 

35390 
3.141] 
35431 
31412 
3,140 J 
35482 
35407 
35520 
3.1.118 
35570 
3. .607 
35039 
35057 
35092 
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TABLE III 

Absorption bands of p-fluorochlorobeuzene 


Intensity 


75cm, ]<)0°C 
ew,b 
vw,b 
t>w,b 
vw,b 

vw,b 

vw,vb 

vw,vb 

vw.vb 

w,sh 

vw 


50dn, ltb't 1 


75cm, 8.1‘C 
vw.vb 
inw, 
inw, 
m,vi 
m,vli 
m.vl 


At' 

cm-i 


-2228 

-2180 

-2145 

-2113 

-2058 

-2020 

-1991 

- 1904 
-1930 
- 1 897 

-1739 

- J 709 
-1670 
-1647 
-1613 

- 1590 


Assignment 


— 1590- 037 ^ 2227 

-2 * 1090 =_ 2180 
-1590-550 2140 

-1239-815 - 2054 

-1090 834 — 2x33 — 1990 

— 1090- 834-33 - 1957 
1090-834 = 1924 

-1090 -815 ^ 1905 ' 

— 2 x 834 — 2 x 33 J 734 
-2 v 834 -3.3 - 1701 

— 2 x 834 1608 

-815 834 ^ 1649 

— 1239 — 370 = 1609 


75cm, 50 C 




vb,v\v 

vw 

vw 


- 1 46H 
1432 
1404 

-834-637 - U71 

815 - 370 -245 -r 1430 

mw.sli 

m.sh 

m,b 

m,b 

tn.b 


-1377 
-1343 
- 1305 
-1273 

1090-245-33 - 1368 
- 1090 — 245 - 1335 
-1239-2x33 = 1305 
1239-33 - 1272 

50cm , 30 J ( ! 

- 1239 

0-1239 


lnw,b 

vw,b 

ttnv.sli 

1215 
- 1 1 94 

-815 -370-33 ^ 1218 
-1090-3x33 - 1189 


vv,b 

— 1182 

-815-370 - 1185 


Inw.sli 

-1159 

-I090-2X33 ^ 115(1 


ms.sh 

-1127 

— 1090—33 — 1 123 


Rt.sll 

- 1 090 

0- 1090 


vw.b 

Inw'plj 

— 1000 

- 815-245 - 1000 

w.hVi 


-1007 

-637-370 - 1007 

w,b 


-987 


mw.b 


-957 

-370 — 550-33 95 

w,b 


-930 

-834-3 x33 = 933 

w,b 


-923 

— 370-550 - 920 

mw.sh 


— 898 

834-2x33 - 900 

50cm, J0 n 0 




hiwji 


-880 

-815-2x33 - 881 

m.sh 


-805 

-834 33 - 867 

m,d 


- 845 

-815-33 - 848 

mw.sh 


— 834 

0-834 

m,b 


-815 

0-815 

w,b 


- 794 

-245-550 - 795 

w,b 


-779 


vw,b,d 


-750 


vw,b,d 


-728 

- 637-90 ^ 727 

vw,b,d 


-700 

-637—2 x33 - 703 

w,b,d 


-669 

-637-33 - 670 

m,sh 


-637 

0-637 

m.sh 


-619 

-370-245 = 615 

m,sh 


-584 

-550-33 = 583 



456 


S. L . N . (2. Krishnamachari 


TABLE III (Contd.) 


V 

Intensity 

Av 

Assignment 


cm -1 



cin-i 



35726 

ms,sh 

50cm, 0°C 

-550 

0-550 


35788 


vw,b 

-488 

-834 + 343 = 491 


35805 


vw, b 

— 47J 

— 370 — 3 X 33—469, — 815-| 343 

=472 

35818 


vw,b 

— 458 

-370-90 - 460 


35838 


mw,b,d 

— 438 

-370-2x33 -- 436 


35870 


s,sh 

-400 

-370-33 =- 403 


35000 

50cm, -10°C 

vw,d 

-376 

-370-6 = 376 


35006 

w,sh 

s,sh 

-370 

0-370 


35928 

w,sh 


-348 

-245-3x33 = 344 


35941 

mw 


-335 

-245-90 = 335 


35960 

m 


-316 

-245-2x33 = 311 


35995 

tn 


-281 

-245-33 — 278 


36023 

w,d 


--253 

—245—6 =- 251 

\ 

36031 

ms,sli 


- 245 

0—245, —815 + 563 — 252 


36058 

w 


- 218 

-834 + 618 =- 216 


36066 

w,vb 


-210 

-550 1-343 = 207 


36007 

m,b 

50om, -30°C 

— 179 

— 2X90 — 180 


36119 

m,b,rl 

cw 

— 157 

-90 -2X33 = 150 


36148 


mw,d 

-128 

-4x33 - 132 


36156 


mw,d 

-120 

-90-33 = 123 


36180 


m,b,d 

-96 

-3x33 = 99 


36186 


m,b,d 

-90 

-no 


36212 


m,sh 

-64 

-2x33 66 


36239 


mw.d 

-37 

-33-6 = 39 


36243 


ms 

-33 

-33 




50cm, — 30°(J 


#> 


36270 


s,sh 

-6 

—0 


36276 

50cm, -10°0 

vs,sh 

0 

0,0 


30376 

mw,b 


100 

343—245 =- 99 


36425 

w 


149 

- 1090 b 1233 — 143 


36433 

mw 


157 

794-637 = 157 


30468 

mw.vb 


L92 

563-370 = 193 


30493 

w,b 


217 



36507 

mw,b 


231 

1003-834 ^ 229 


36532 

m,vb 


256 

1063-815 = 248 


36564 

mw,vb 


288 

-1090+1382 = 292 


36582 

m 


306 

343-33 — 310 


36593 

m 


317 

563 -245 - 318 


36612 

m,d 


336 

343-6 = 337 


36619 

m 


343 

0 + 343 


36665 

mwji 


389 



36677 

w,b 


401 

1233-834 = 399 


36704 

mw,vb 


428 

1063-637 = 426 

■_ 524 

36797 

ms,vb 


521 

1063-550 — 513, 794-3 y 90 

36829 

ms.vb 


553 

794-245 =Ti49 


36839 

W,sll 

50cm, — 30°C 

563 

0 + 563 


36894 

mw,b,d 

vw 

618 

784 — 2x90 - 614 


36941 

m,d 

665 

794-4x33 = 662 


36948 


m,d 

672 

794 — 90 — 33 = 671 


36963 


w,sh 

687 

2x343 = 686 


36974 


ms,d 

698 

794 — 3 X 33 — 695 


36982 


ms,d 

706 

794-90 = 704 


36999 


ms,d 

723 



37004 


me, ah 

728 

704-2x33 = 728 


37029 


ms, sh 

753 



37035 


w 

750 

794-33 = 756 




37240 

37273 

37300 

37306 

37332 

37339 

37358 

37383 

37415 

37442 

37459 

37475 

37509 

37523 

37543 

37582 

37604 

3762] 

37636 

37058 

37072 

3773] 

37762 

37799 

37828 

37833 

37866 

38003 

38012 

38036 

38044 

38066 

38091 

38096 

38102 

38129 

38 1 S3 

38174 

38204 

38241 

38268 

38300 

38330 

38305 

38397 


Mmr *» * ^oU,roi^,„ 

TABLE III (Contd.) 


Intensity 


37038 

37059 

37065 

37070 

37089 

37165 

37187 

37208 

37215 ■ 

37221 

37241 


50om, — J0°(? 

TO 

m,b 

m,vh 

inw,b 

tnw,b 

TOw,b 

TO,b 

30cm, — 10°C 
to,b 


ms, ah 
vw.d 
s,sh 
a.sh 

w,sh 


TO,sh 


50cm, -10°C 

H 

W 

TOW.vb 

m,vb 

w,b 

vw,b 

TO,sli 

TOs.Hh 

w,sb 

W,vb 

w 


50cTO, — 30°C' 
TOW.sll 
vw,d 
m,ah 
w,d 

ms.sh 


A? 

chi-i 

762 

783 

789 

794 

8J3 

889 

911 

932 

939 

945 

965 

973 

997 

J024 

1030 

1056 

1063 

1082 

1107 

1139 

1106 

1183 

1199 

1233 

1247 

1267 


w,sh 

1328 

w,sli 

1345 

vw.sli 

1360 

ms,b 

1382 

vw,vb 

1396 

to w,vh 

1455 

TO w, v b 

1486 

ms.vb 

1523 

TOs.vb 

1552 

ms,vb 

1557 

TOs 

1390 

mw,vb 

1727 

mw,b 

1730 

m,b 

1760 

TO,b 

1768 

m,b 

1700 

w 

1815 

w 

1820 

lns,b 

1826 

ins,b 

1853 

TOs.b 

1857 

w,vb 

1898 

TOw,b 

1928 

w,b 

1965 

m,vb 

1992 

50cm, — 10°0 


in 

2024 

w,sh 

2054 

mw.sh 

2089 

m,sh 

2121 


Assignment 

794-33 = 701 

794-6 = 788 
0-1-794 

1063-245 = 818 
343 1-794—245 = 892 
5634-343 ■= 906 
1063—4x33 = 931 
1003 — 90 — 33 = 94() 

1063-3x33 =r 964 

1063 — 90 = 973 

1063—2x33 = 997 
1063-33-66 --- lo->4 
1063-33 = 1030 
1063—6 — 1057 

0+1063 

794+343-33 =. U04 
794-1 343 = 1137 
1233-2x33 = 1167 

1233—33 = 1200 
0+1233 


2x794-2x90-2x33 ** 1332 
1382-33 - 1349 
2x 794-2x90-33 ^ 1365 
0-f 1382 

2X794-2X90 = 1398 
2x794-90-33 = 1455 
2x794 — 90 -- 1488 
2x794-2x33 = 1522 

2 a 794 — 33 - 1555 
2x794 - 1588 
7944- 1063-4x33 =- 1725 
794+1063-1 X90-33 = 1734 
794+1003-3x33 = 1758 
7944- 1063—90 = 1767 
7944 1063-2X33 = 1791 


794+1063-33 - 1824 
7944-1063-6 = 1851 
794-1 1063 = 1857 
343 + 2x794-33 = 1898 
343+2 x794 -- 1931 
1233 1-794—2 x 33 = 1961 
1233 + 794-33 = 1994 

1233 + 794 = 2027 
2x1063-2x33 = 2060 
2X1063-33 = 2093 
2X1063 = 2126 
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TABLE III ( Contd .) 



Intensity 


Assignment 




cm -1 


38436 

w,b,d 


2160 

794 + 343 4- 1063 — 33 = 2167 

38472 

w 


2196 


38478 

mw 


2202 

794-j 343 + 1063 = 2200 

38503 

vw.cl 


2227 

1063 + 1233-2x33 = 2230 

38532 

mw 


2256 

1063+1233-33 = 2263 

38560 

m,sh 


2293 

1063d 1233 = 2296 

38617 

m\v,b 


2341 

3X704-33 = 2349 

38652 

m,vh 


2376 

3x794 = 2382 

3872H 

mw,b 


2452 

2 x 1 233 = 2466 

38704 

w,vb 


2518 

1063 f-2x 794-4x33 - 2519 

.38820 

mw,vb 


2550 

1063 + 2 X 794-* 3 x 33 -» 2552 

38861 

mw,b 


2585 

1063-1 2x794- 2x33 2585 

38802 

lnw,vb 


2616 

10634 2x794-33 -= 2618 

38007 

mv,b 


2031 


38919 

mw.b 


264 3 


38025 

m,b 


2649 

1063 ^-2x794 — 2651 \ 

39058 

mw,b,d 


2782 

1233 + 2x794-33 = 2788 1 

39090 

mw,b,d 


2814 

1233 (-2x794 -- 2821 

39125 

w,b 


2849 

2 X 1063 t-794- 2x33 = 2854 

39159 

mw,b,d 


2883 

2x1063d 794-33 =- 2887 

39194 

m,b,d 


2918 

2X1063+ 794 = 2920 

39263 

w,b 


2987 

2 X 794+ 343 1 1063 = 2994 

39293 

w,b 


3017 

1233 + 1063 + 794-2x33 = 3024 

39328 

m,b 


3052 

1233+1063-1-794-33 = 3057 

39361 

m,b 


3085 

1233 + 1063d 794 = 3090 

39411 

mw,vb 


3135 


39421 

mw,vb 


3145 

4x794-33 - 3143 

39452 

m,vb 


3176 

4 X 794 =t- 3176, 3 X 1063 = 3189 

39527 

mw,vb,d 


3251 

794 | 343 -f 2 X 1 063 = 3263 

39554 

w,vb,d 


3278 

• 

39590 

mw,b,d 


3314 

1233 + 2 ^ 1063-33 = 3326 

39624 

mw,h,d 


3348 

1233+2x1063 = 3359 

39676 

m\v,b,d 


3400 

1063 \ 3X794- 33 = 3412 

39716 

mw,b,d 


3440 

1063 | 3x794 - 3445 

39846 

w,b 


3570 

1233 d- 3x791-33 = 3582 

38977 

w,b 


3601 

1233 I-3X794 = 3615 

39914 

vw,d 


3638 

2 X 1063 j- 2 X 794-2 > 33 = 364H 

39947 

mw,h 


3671 

2x1063 + 2 a 794-33 = 368) 

39983 

mw,b 


3707 

2 X 1063+2x794 - 3714 


50cm, — 10°r 




40015 

w,vb 


3839 

1233 I 1063+2x794-33 = 3851 

40150 

w,vb 


3874 

1233+1063 f 2 x 794 — 3884 

40201 

W,vb 


3925 

5x794-33 - 3937 

40234 

w,vb 


3958 

5x794 = 3970 

40281 

cw,vb,vd 


4005 

794 + 343 +2X1 063 f 794 -33 = 4020 

40316 

ew,vb,vd 


4040 

794 + 343 + 2 X 1063 d- 794 =* 4057 

40347 

w,b,d 


4071 

1233 + 2x 1063 + 794-2x33 - 4087 

40379 

w,b,d 


4103 

1233 + 2x1063 + 794-33 -- 4120 

40412 

w,b 


4136 

1233 + 2 X4063d 794 = 4153 

40465 

p\v,b 

50cm, 0^0 

4189 

1063 d- 4X794-33 = 4206 

40503 

ow,b 

tn,b 

4227 

1063 1-4x794 = 4239 

40515 


vw,b,d 

4239 

40528 


vw,b,d 

4252 


40540 


w,b,cl 

4264 


40634 


vw,b 

4358 

1233 + 4x794-33 = 4376 

40666 


w,b,d 

4390 

1233-1-4x794 = 4409 

40735 


w,b,d 

4459 

2x1063 + 3x794-33 = 4475 

40768 


w,b,d 

4492 

2x1063 + 3x794 = 4508 

40808 


w,b,d 

4332 

40842 


w,b,d 

4566 


40892 


w,b,d 

4616 

1233+1063-1 3x794-33 « 4645 
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TABLE III ( Contd .) 


V 

cm -1 

Intensity 

Af' 

pm -1 

Assignment 

40931 


w,b,d 

4655 

1233-1- 1063 1 3 x794 - 4678 

40961 


w 

4685 


41030 


w,b,d 

4754 

6 X 794 ^ 4764 

41063 


w.vb.vd 

4787 

313-| 3x794 | 2 > 1063-33 =- 4814 

41100 


w,vb,vd 

4824 

343+ 3 , 794-| 2x1063 - 4851 

41151 


mw,vd,vb 

4885 


41198 


mw,vb,vd 

4922 

J 233-1 2x 1063 + 2x794 4947 

41 if 52 


mw,b,d 

4976 

1063-1 5x794- 33 = 5000 

50em, 10°C 




41285 

s,b,d 

mw,b,d 

5009 

1063 + 5 a 794 = 5033 

51324 

m,vb,d 


5048 


41359 

ms,vb,d 


5083 


41393 

rn,b,d 


5117 


41424 

w,b,d 


5148 


41461 

m,vb,vd 


5185 

1233-1 5x794 -= 5203 

41546 

mw,b 


5270 

2X1063 ( 4x794 = 5302 

41638 

inw,b 


5362 


41989 

m,b,d 


5713 

1 233 + 2xl 063 + 3x794 - 5741 

12035 

w,b,d 


5759 


42068 

m.b,d 


5792 

1063 | 6 '794 - 5827 

For C\ 

point group the above states become A' states and the transition 

A' - A ' is 

an alio well 

one with 

the transition moment lying in the molecular 


pla, U c The para-fluoroehloro benzene molecule, however, belongs to the C 2V point 
group for which the above mentioned states of benzene become A v and states 
respectively. The transition A 1 —B 1 is also an allowed one, the transition move- 
ment lying in the molecular plane and perpendicular to the para axis. In con- 
formity with the allowed nature of the electronic transition strong 0,0 bands 
and progressions and combinations of many totally symmetrical vibrations arc 
observed for all the three molecules. In addition to this allowed transition, a 
so called forbidden part of the transition of much weaker intensity may also bo 
produced by a vibration moment as in the case of benzene. This moment can be 
produced in the 2 -direction (perpendicular to the molecular plane) by an a " 
vibration in the case of the ortho and meta compounds and by a p x vibration in 
the ^-direction (parallel to the para-axis) or by an a, vibration m the z direc- 
tion in the ease of the para- compound. 

Ortho-Fluorochlorobenzene. 

In o r th o -flu orochlorobenzene the two very strong bandB 794 om“ L and 
929 cm- 1 correspond to the progression forming frequencies m the upper state. 
These represent totally symmetrical carbon frequencies and are con elated wit 
the ground state frequencies 830 and 1031 cm h The corresponding am 
hues at 826 and 1029 cm” 1 are strong and polarised. 

The strong band 039 cm- 1 in the upper state and its counterpart 685 cm 1 
in the ground state represent the C — Cl stretching frequency in the two 
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states. The corresponding Raman line is the strong polarised one at 680 cm -1 . 
This assignment is suggested from a comparative study of the ortho-substituted 
chlorobcnzeneB. The following are the excited and ground state frequencies 
which may be assigned to the C — Cl stretching mode 



Raman 

U.V. 

ground state 

U.V. 

excited state 

o-chloroanisolo 

685 

690 

641 

o-chlorophenol 

680 

685 

635 

o-chlorotoluene 

678 

675 

644 

o-dichlorobenzene 

659 

662 

610 or 642 


Another strong band at 1076 cm” 1 corresponds to 1133 cm -1 in the ground 
state, correlated with the strong polarised Raman lino at 1127 cm -1 . Thes^ may 
represent a totally symmetric C — H planar bending mode in the three oases 
The medium strong band at 1248 cm” 1 in the upper state and the weak hand 
1246 cm -1 in the ground state are assigned to the totally symmetric C-~F 
stretching mode, the corresponding Raman line being the strong polarised one 
at 1237 cm -1 . It is interesting to find no appreciable change in the magnitude 
of this frequency in the two electronic states. This is characteristic of the 
C — F stretching frequency and has been observed in the other iluorinated 
benzene derivatives. 



Raman 

U.V. 

Ground state 

U.V. 

excited state 

jD-difluobenzene 

1245 

1259 

1250 

p-fluoroanisole 

1249 

1275 

1280 

fluorobenzeno* 

1218 

1218 

1218 or 1228 

m-difluorobenzene* 

1279 


1269 

jp-fluorotoluene* 

1212 


1229 

m-fluorotoluene* 

1254 or 1266 


1262 

o-fluoro toluene* 

1233 


1230 

jo-fluorobenzotrifluoride* 



J231 


* In these moleoulos the assignment has not previously been suggested but hands an' 
observed in the positions indicated in the table and in some cases they are chosen an 
fundamentals.) — 

The band at 274 cm" 1 in the upper state which is of medium intensity, is 
correlated with the 367 cm" 1 band in the ground state, the corresponding Raman 
line being the strong polarised one at 375 cm -1 . These are considered to represent 
the planar carbon bending mode. This forms one of the two components into 
which the e + 0 606 vibration in benzene splits on removal of degeneracy caused 
by loss of symmetry. The other component may be represented by one of the 
two medium intensity bands 477 cm -1 and 513 cm -1 in the upper state. The 
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corresponding ground state frequencies are 480 and 556, the Raman shiftB being 
496 and 654. The Raman lines are equally strong and knowledge of the depolari- 
sation factors which are nearly same is not of much help in deciding which of 
them represents the carbon branding mode. However, the percentage drop in 
frequency (nearly 8 percent) suggests that the pair 613, 654 might be more 
probable. 

The medium strong band 940 cnr* may not likely represent an upper state 
fundamental (as was previously considered bo be, Krishnanmchari, 1955) because 
a similar band is not observed in o-fluorobromobenzene Instead, this band may 
represent the two quantum excitation (single excitation of which being too weak 
to be observed) of a non-palnar vibration which might have gained m intensity 
because of its totally symmetric nature and its proximity to the strong 929 cm" 1 
band. 

Of the satellite bands, the 69 cm" 1 separation is the most pronounced one 
occurring as 1 x69, 2x69, and 11x69. These are generally ascribed to the v — v 
transitions of some of the low-lying non-totally symmetric vibrations. The 
very strong Raman line 167 cm -1 is classified as a non-planar vibration. In 
ultraviolet absorption, a weak band 99 cm -1 in the upper state and a very weak 
band 170 cm" 1 in the ground state are observed If these are considered to 
represent the same vibration in the upper and lower states then their difference 
71 cm -1 may well explain the 69 cm -1 satellite bands. The low magnitude of 
this frequency, 170 cm -1 is in conformity with the observed intensity of the 
satellite bands and this frequency may be assigned to the G — 01 out-of-plane 
beinding mode. The selected fundamentals arc given in Table IV. 

TABLE IV 

Ground and excited state frequencies of o-FC 6 H 4 C1 


A* 

Raman data 
Int. 

(Nielsen., 
et al, 1956) 

p 

U.V. absoiption data 

Assignment 

Ground 

state 

Excited 

state 

107 

VH 

0.74 

170 

99 mw 

C-Cl out- o 1-plane bending 

370 

s,sh 

0.41 

367 

274 mw j 

1 components of e ff + 606 

.554 

a 

0.46 

556 

513 mw | 

| of benzene. 

496 

a,sh 

0.48 

489 

477 w 


680 

vs,sh 

0.13 

685 

639 s 

C-Cl stretching frequency 

826 

s.ah 

0.18 

830 

794 h 1 

Totally symmetric 

1029 

vs,sh 

0.08 

1031 

929 fi J 

carbon vibrationB. 

1127 

g 

0.49 

1103 

1076 s 

C-R planar bonding mode 

1237 

s 

0.15 

1246 

1248 m 

C-F Btretclung mode 
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Meta -fluorochlorobenzene . 

In meta-fluorochlorobenzene the very strong band 966 cm* 1 in the upper 
state gives the progression forming frequency. The corresponding lower state 
frequency 1007 cm -1 agrees with the very strong polarised Raman line at 1003 
cm" 1 . This definitely represents the totally symmetric carbon ring vibration. 
The strong band 636 cm* 1 in the upper state, 688 cm -1 in the ground state and 
the strong polarised line 682 cm -1 in Raman effect represent the C — Cl stretching 
mode as in the case of the ortho compound. The medium strong band 1218 cm -1 
in the upper state, 1229 in the ground state and the medium strong polarised 
Raman line 1221 cm -1 represent the C — F stretching mode. Again, the close- 
ness of this frequency in the two electronic states is noticeable. The medium 
strong band 846 cm -1 is also chosen as an upper state fundamental because it 
accounts for some of the bands and the 966 cm -1 progression states on this fre- 
quency. The corresponding ground state value is 895 cm* 1 which can be corre- 
lated with the 883 cm -1 Raman line. From the magnitude of this frequency, 
this may be assigned to a non-planar C — H bending mode or to the 0 — F planar 
bending mode. The medium intensity band 1023 enr 1 in the upper state is also 
chosen as a fundamental because it is able to explain some of the bands. The 
corresponding ground state frequency is the very weak band at 1050 and this 
may be correlated with the 1063 cm" 1 Raman line and this may probably 
represent a C — H planar bending mode. 

The medium weak bands 327, 455, and 514 cm" 1 arc also considered though 
with less eertainity, as the upper state fundamentals. Of these, the first two may 
represent the two upper state frequencies into which the e+ g 606 vibration m 
benzene splits The ground state frequencies corresponding to these are not 
observed but may be correlated with the Raman frequencies 410 and 519 cm' 1 . 

The prominent v-v separation in this case is the 78 cm’ 1 separation, occur- 
mg as 1x78, 2x78, 3x78 and 4x78 with many of the very strong bands. The 
high intensity of these bands suggests that they should originate from low T fre- 
quency vibrations The difference 82 cm" 1 between the Raman frequency 245 
cm -1 and the excited state frequency 163 cm -1 probably explains these satellite 
bands. The selected fundamentals are given in Table V. 

Para- fluorochlorobenzene. ~ 

In para-fluorochlorobenzene, the two very strong frequencies 794 cm 
and 1063 cm" 1 in the excited state are the progression forming frequencies. These 
are correlated with the ground state frequencies 815 and 1090 cm" 1 respectively 
which agree well with the strong and polarised Raman lines 815 and 1091 cm . 
These frequencies represent totally symmetric carbon froquecneies and the 
former probably the ring breathing frequency, because of its higher intensity 
and because of the relatively longer progressions associated with it, The medium 
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strong frequency 1233 cm-* in the upper state and mo ■ 

represent the C— F stretching frequency in the U ° gr ° UUfi 8iate 

illan frequency berng 1232 cm- t tin , T*' ^ 

ortho and meta derivatives) the C— F slretchbur fa" ’ , <aS ^ ^ ^ 

the same in the two electronic states. The medium 

" the "T I**. 1 " r ted With thC 370 Cm " b “' d » the ground state winch 
corresponds to the 376 cm- Raman frequency These frequencies repre „ 

the Planar carbon bcndrng mode m the excited and grmmd states and in Raman 
effect Tim represents the totally symmetric components of the r + «oa vibra 
t, ion of benzene. The other component is reprinted by the weak band 563 
cm- m the upper state and 637 cm- in the ground state, (Raman value 630 
)' The weaker mter^ty ol tins component relative to the totally symmetric 
component dmeussed above, indicates the decreasing importance of the forbidden 
part, of the transition m prodnenig the spectrum The weak band 613 cm- m 
the upper state can be correlated with the 680 cm-' line in Raman effect in which 
it is assigned to a C— Cl stretching mode 


TABLE V 

Ground and excited state frequencies of m-FC fl H 4 Cl 


A" 

Hainan data 
Int. 


U.V T . absorption data 

Assignment 

(Nielson, 
el nl, 1056) 

V 

Ground 

Mbif„ 

Exatod 

2ir» 

S.ll 

0 86 


160 ms,sl 


41(1 

s,ah 

0 25 

- 

325 rns.sli 

| Components ol e ff + 006 

Mil 

8,Hh 

0 47 


455 nis,l)il 

j oCbeiiKeno. 

m 

h,b!i 

0 10 

668 

636 vs,sb 

O-Ol slrot oiling 

883 

IV 

0.30 

805 

816 1tis,hIv 

O-F jilunai bonding or 
O-H non -plan nr bond- 
mg. 

1003 , 

vs,sh 

0.J0 

1007 

066 vs,sb 

Carbon ring breathing 

1003 

s, ah 

0.26 

1050 

1023 m>sh 

C-H plunar bending 

1221 

m,b 

0.18 

1220 

1218 ins, nil 

C-F sire (cluing. 


(* determined in the present investigations.) 


The prominent v — v separation in this case is the 33 cm~ J separation which 
occurs as 1 x33, 2x33, 3x33, 4x43, and 5x33 with many of the very strong 
bands even at lower temperatures. The intensities of these hands suggest that 
they should be associated with low' frequencies and probably it may be associated 
with the lowost Raman frequency 267 enr 1 which is assigned to a C— Cl out- 
of-plane bending mode. The selected fundamentals are given in Table VI. 
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TABLE VI 


Ground and excited state frequencies of p-FC e H 4 C] 



Raman data 
Int. 

(Nielsen, 
el al, 1956) 


U.V, absorption data 


&v 

P 

Ground 

state 

Excited 

state 





245 

— 


376 

VS,htl 

0.45 

370 

343 m 

Totally symmetric com- 
ponent of e„+ 606 of 
benzene. 

556 

w 

dp 

550 



630 

8, ah 

-- 

637 

563 w,flh 

Non-totally symmetric 
component of Ep+AflOO 
of benzene ' \ 

OHO 

m,Hh 

- 

— 

618 vw 

C-Cl stretching. 

815 

vs.sh 

0 20 

815 

794 s 1 

| Totally symmetric 

1091 

V8,sll 

0 35 

1090 

1063 ms,sh 

) carbon vibrations 

830 

H 

0.30 

834 

— 


1232 

H,b 

0 25 

1239 

1233 m 

G-F stretching. 

1596 

s,b 

0 75 

1590 

- 



Comparison of the o,m,p-fluorochlorobenzenes 

A comparative study of the absorption spectra of the ortho, meta and para- 
isomers reveals a few interesting points. 

The shifts of the 0,0 band in the o,m, p-fluorochlorobenzenes relative to that 
of benzene are respectively 1054, 1063 and 1813 cm -1 whereas, according to the 
additivity rule a shift of 1307 cm -1 is expected for all the three molecules, (the 
shift for chlorobenzene is 1037 and that for fluorobenzene is 270 cm" 1 ). The 
ortho and meta compounds show practically the same shift as does chlorobenzene 
whereas, the para compound shows a markedly larger shift. This abnormal 
influence of the para positioned fluorine atom on the shift of the 0,0 band is also 
exhibited in p-difluorobenzene in which the shift is 1246 cm" 1 compared to that 
of 180 cm -1 in meta-difluorobenzene ; and in para-fluorotoluene in which it is 
1213 cm" 1 compared to that of 691 cm" 1 in meta-fluorotoluene and 513 cm -1 
in ortho -fluorotoluene. 

It is interesting to observe that whereas the C — F stretching frequency is 
recorded only with moderate intensity in the ortho, meta and para compounds, 
the C — Cl stretching frequency is very strong in the ortho and meta compounds 
while it is very weak (and absent in the ground state) in the case of the para- 
compound. 
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The prominent v — v separations also exhibit certain interesting features 
ia the series ortlio - met a - para. In the ortho and mefca-fluorochlorobenzenes they 
are 69 and 78 cm" 1 respectively wheioas, m para-fluorochlorobenzene it is 33 
a j n ortho and in eta-dichlorobenzenes thoy are 59 and 63 whereas, in para- 
dichlorobonzene it is 26 cm' 1 . In m ota-d iflu orobenze no it is 66 cm -1 (or 97) 
whereas, it is 40 cm -1 in para-difluorobenzone. The v-v separations in the para 
compounds are consistently smaller than those of the ortho and meta com- 
pounds. 
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Plate XI 

ABSTRACT. Oxides of copper were prepared in mr at 0.5 mm of Hg in the temperature 
range 200"(J to 1030 C G. Then composition, rectification, inugiietic susceptibility anclteryRl.il 
structure — all these as a function of the thickness of the film and fhow subsequent lioat\ treat - 
menl -have been studied Tho films formed at 800°C begin to show an appreciable rectifica- 
tion, which increases rapidly with tho tomperature of formation of tho film. The appearance 
of an nppri ciablo amount of rectification is accompamod by changes in tho crystal si met mo 
at the surface and in the body of tho film Them is also a churn cion Stic change of the magnetic 
susceptibility. In u met) Tying film tho surface layoi contains large Cu 2 0 crystals showing 111 
orientation, whili in tlic body ol Llio film, small crystallites of Cu 2 0, containing ( races of e\< ot,s 
oxygon and showing a zinc blende strut turn, are present. The effect of bout treatment ih io 
reduce 1/he oxygon content and increase the diamagnetic susceptibility Ttie pioscmv el 
an additional atom of oxygon, in each crystallite of GiioO appoars to give the maximum recti- 
fication A mechanism for the formation of these i edifying films is suggested 

1 N T R O D V V T I O N 

We have already reported the properties of oxides of copper formed at 
atmospheric pressure (Dixit and Agasha, 1955) and also at low pressures (l)ixit 
and Agashe, 1956). We find that at atmospheric pressure and at low tempera- 
tures a thin film of Cu 2 0 is formed. As the temperature and the time of forma- 
tion increase, Cu 2 0 gradually changes over into CuO. At temperatures beyond 
750°C and with a proper time of formation, it is possible for a Cu 2 0 film to he 
formed below the CuO film. Such a composite film shows considerable rectifica- 
tion. At 410°C and pressures up to 75 mm of Hg only Cu 2 0 can be formed. 
Oxides formed at pressures up to 5 mm of Hg, and a time of oxidation sufficiently 
long, show a peculiar under-growth structure of Cu 2 0 in contact with the copper 
block. This oxide shows four, rather broad, rings which approximately corres- 
pond to 111, 222, 333 and 444 rings of Cu 2 0. In the light of these two observa- 
tions of ours, namely the formation of a Cu 2 0 film below a CuO film, the com- 
posite film showing rectification and the peculiar structure shown by Cu a 0 fihw 
formed at low pressures, and also in the light of the well-known fact that the 
rectifying oxide of copper is formed at low pressure, at about 1000°G followed 
by a suitable heat treatment or annealing, we decided to study the oxidos 
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of copper formed at an air pressure 0 5 mm of Hg in the temperature range 
200°C to 1030°C and also to study the effect of the subsequent heal treatment, 
The following properties of the films so formed were investigated . their crystal 
structure by the method of electron diffraction and X-ray reflection, the thick- 
ness of the films formed and the change of crystal structure with depth; the 
resistance, rectification and magnetic susceptibility of the films. We also studied 
the variation of all these properties as a function of the temperature of forma- 
tion of the films and their subsequent heat treatment. 

We find that films formed at 500°C just begin to show rectification, it becomes 
appreciable at about 800° 0, afterwards this increases very rapidly with tho 
temperature of formation. The rectifying films are all cuprous oxido films. 
The appearance of an appreciable amount of rectification is accompanied by 
a peculiar change in the electron and X-ray patterns The electron diffraction 
pattern is now characterised by tho 222 ring of (Ju a O becoming broad and strong 
at the centre, ultimately changing over to a four arc pattern showing four rather 
broad ares which approximately correspond to 111, 222, 333, and 444 arcs 
of Cu 2 0. The corresponding X-ray pattern is characterised by a weakening 
of tho 200 ring which is normally strong and by an increase in the intensity of 
tho 220 ring. This definitely indicates a change of crystal structure accompany- 
ing the rectification. The greater the magnitude of rectification the more pro- 
minent- becomes the change. We measured the magnetic susceptibility of 
lcctifiers formed at 700°0, 800°C, 900 P C and 1030°C. We find that rectifiers 
Jormod at 700° C, which show only a small rectification, aie slightly paramagnetic, 
and an increase in rectification corresponds to a decrease in the paramagnetic 
susceptibility. When the rectification becomes about 50, the paramagnetic 
susceptibility becomes almost zero. An increase m rectification now makes 
( lie layer slightly diamagnetic. The diamagnetism increases with rectification 
and for the best rectifiers with a rectification of about 300, x ^ about 
9xl0 -8 . By changing the heat treatment it is possible to reduce the rectifi- 
cation of the best rectifiers (rectification about 300). This subsequent reduction 
of rectification is accompanied by an increase in the diamagnetic susceptibility. 
All these rectifiers with different values of rectification (>30) and different- values 
of x» show no appreciable difference in crystal structure as revealed by X-rays 
and electrons. A small associated diamagnetic susceptibility appears to be an 
additional criterion for rectification. 

EXPERl M E N T A L 

The copper blocks (excopt those used for magnetic susceptibility measure- 
incuts) were prepared and oxidised at a given temperature in the same manner 
as described earlier (Dixit and Agashe, 1956). In the first series the oxide was 
formed by keeping the block at a temperature of 1030“C for 60 minutes in atr 
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at a pressure of 0.5 mm of Hg. The blocks of oxide so formed were subsequently 
cooled in vacuum from 1030°C to 200° C over different intervals of time. In the 
second series of experiments the oxide was formed on the blocks kept at various 
temperatures in the range 200°C to 1030°0, and at each temperature air at a 
pressure of 0.5 mm of Hg were allowod to remain in contact with the blocks for 
60 minutes The oxide blocks formed at each temperature were divided into 
two groups, one group was suddenly cooled (500°C/min) and the other was 
slowly cooled (10°0/min) in vacuum. The resistance, rectification, the growth 
of oxide and its crystal structure (by the method of weighing on a microbalance 
combined with electron reflection) was determined as before. This time the 
structure of the films was studied in addition by X-ray reflection. We used 
Cu K a radiation, Kp line was eliminated by a suitable nickel filter. The X-ray 
beam was incident on the film at an angle of 20°, the reflections were recorded 
photographically, and the relative intensities of these reflections were \ later 
determined by a recording microphotometer. A few back reflection photo- 
graphs were also taken to investigate the \/24 and y/21 rings and to ascertain 
whether the observed changes in structure at 900°C w ere due to a change in the 
orientation or a change in the structure Fo,' comparison, X-ray photographs 
of chemically pure Cu 2 0 were also taken. In taking these pictures we used 
tablets of chemically pure Cu 2 0 prepared with the help of a small amount o 1 
gum tragacanth. 

MAGNETIC 1 SUSCEPTIBILITY MEAN IT P E M*E N TS 

The magnetic susceptibility was determined by a Guoy balance, with an 
accuracy in weight determination of 0 01 mgm. The rods required fortius 
work were prepared by melting electrolytic, copper m vacuum The rods wore 
rectangular bars 75 mm long and approximately 5 nun X 4 mm cross- 
section. The oxide layer w r as formed on these rods at the given temperature, 
pressure and time The oxide layer was formed on all the five free surfaces ol 
this block. The trace of oxide which may' sometimes be formed on the sixth 
surface in contact with the holder was removed The oxide layer formed on 
the two smallest surfaces was also removed. At one time, i.e., at a given pressure, 
temperature and time, six oxide blocks were prepared. The oxide block so 
prepared, with the oxide layer on the three cylindrical surfaces, wan weighed 
with and without the magnetic field (6500 Gauss). The oxide film on the three 
free sides was then removed by slow etching with sodium eyiiide. The coppei 
rod (without the oxide film) was also weighed wdth and without the magnetic 
field. These four weights, together with the linear dimensions of the block ami 
the density of Cu 2 0, enabled us to determine the weight of the oxide film, its 
susceptibility and on certain plausible assumptions (as given later) the mass of 
excess oxygen present in the film. Out of the six rods prepared each time, 1«« 
were utilised for susceptibility measurements, two were utilised for rectification 
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and electron and X-ray measurements and two were stored up m vacuum and 
used later for a final chock on previous measurements. The susceptibility 
measurements were carried out with the two series of oxide layers mentioned 
under the section experimental In addition we. carried out the susceptibility 
measurements with one more series of oxides prepared as follows. In this series 
the oxide layer was prepared by heating the block lor fiO minutes at 1()30°C and 
0.5 min Hg air pressure. The oxide layer was then cooled from 1030°C to 200° C 
m 300 minutes. The rate ol cooling {P) was maintained appreciably constant 
in the whole range. A small vaiialjon was now introduced in the annealing 
technique. The oxide layer was cooled from 1030°C to 980° C at the given rate 
of cooling ( P ). It was kept at this temperature 980° ±- I5°C lor a given interval 
of time (4, fi, 9, 12, lfi and 30 hours) and was then cooled at the same given rate 
(jP) from 980°C to 200°C. The cooling as well as storing at 980°C was done m 
vacuum. The rectification and crystal structure of all those blocks (cooled and 
stored) were also determined. 


U K K U L T N 


(1) The oxide was formed by keeping the blocks at a temperature of 1030 0 
(„r fiO minutes in air a( a pressure of 0.5mm of Hg The 1, looks of oxide so formed 
were subsequently moled in vacuum from J0.WC to 200°C, at a uniform rate. 
The interval of time for this fall of temperature was changed from 2 minutes to 
20B minutes. The resistances fi, and R, in the two directions wore measured 
by applying a O C, potential of 1.5 volts. The corresponding values of RJR. 
the rectification were calculated. The observations arc given in Table X. Each 
value of R, and H. tabulated is a mean of 8 values. The tabulated values of 
rectification are the most probable values, the corresponding probable error is 
also shown. It will be seen that the rectification becomes appreciable (about 
10) for a rate of eoolmg of about 40‘C per minute It goes on increasing as the 
rate of cooling becomes slower and slower, till we come to a rate of cooling of 
about 4“C per minute, beyond this stage no large changes m rectification are 

observed. 


(2) The oxide blocks formed at various temperatures m the range -0 . 

to loarC. were divided into two groups, one group was slowly cooled land the 
other was suddenly cooled. In each ease the structure of the 
studied for the rapidly cooled films, because only such films 

give an idea of the nature of the surface under which the films were formed These, 
blocks showed the given in properties Table II. 

(a) The layers of oxide formed ^ cllrm refleetim pi ctures 

zrzsttzz* — ■ At 
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300°C traces of 111 orientation also begin to manifest themselves. This indicates 
that even in these thin porous films crystallites of appreciable size are present. 

TABLE I 

Resistance and rectification as a function of the time of cooling (tf c ) 
from 1030°C to 20(>°C. 

C-bs 


No. 

t r minutes 

Ri ohms. 

ohms. 

i ?, ' R a 

1 

2 

350,000 

320,000 

1.09 | 0 05 

2 

5 

144,000 

111,000 

1 3 -b 0.06 

3 

10 

27,000 

1 1 ,000 

2.4 ± 07 

4 

20 

13,000 

1.545 

8.4 ± 3.2 

5 

40 

0,600 

160 

53 1 2.2 

6 

60 

9,000 

1 10 

82 -f 1.0 

7 

75 

7,100 

75 

95 ± 7 0 

N 

05 

7,000 

50 

140 ;|- 5 1 

9 

125 

0,400 

45 

208 i-10.7 

10 

165 

8,900 

30 

228 : | 8 1 

11 

205 

0,000 

34 

264 _L- 7.5 

12 

250 

10,000 

36 

278 : L 10.0 

13 

205 

11,000 

38 

290 ± 8.0 


(b) Films formed at 350°C and 400°C are appreciably thick and show a 
resistance of about 10 ohms. These films still do not show any rectification. No 
difference could be detected in the properties of the slowly cooled and the suddenly 
cooled layers. The electron reflection pattern from the free surface shows rings 
of Cu 2 0 with double orientations 110 and 111. 

(c) Films formed at 500°C and 550°C are more than a micron thick and show 
an appreciable resistance. The difference in the slowly cooled and rapidly 
cooled layers begins to manifest itself. The slowly cooled layer has lower values 
of R x and R 2 than those of the corresponding rapidly cooled layer and begins to 
show asymmetric conduction. The electron reflection rings from the free surface 
are those of Cu 2 0 with a double orientation. A layer at a depth of 1000 A 
shows normal rings of Cu 2 0. In Cu 2 0, the copper atoms fie on a F.C. con- 
figuration and the oxygen atoms lie on a B.C. configuration The diffracting 
power of the light oxygen atoms is much less than that of heavy copper atoms- 
Hence normal rings of Cu a O give the impression of a F.C. lattice arrangement. 

(d) The electrical properties of films formed at 600° C are almost similar to 
those of films formed at 550° 0. The free surface, however, shows 111 orient*- 
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tion, 110 orientation has disappeared The layer at a depth of 1000 A shows 
normal rings of 0u 2 0. The X-ray reflection, which is naturally due to all crystal- 
lites present m this film 4.25 microns thick, also shows the rings of normal 
Cu 2 0. 

(e) The films formed at 050° C and 700° C are thicker and their resistance is 
greater. The increase m resistances i? x and R 2 of the rapidly cooled films is much 
greater than what could be expected from the increase of thickness This trend 
continues Tight up to the films formed at 1030°C The thickness of the films formed 
increases from 10 microns at 650*0 to 92.8 microns at 1030°C, an increase ol 
thickness by a factor of about 10. The corresponding increase in the value of 
resistance shows that it has increased by a factor of 375. The resistances ft, 
and R 2 of the slowly cooled films and their mcrease with temperature are much 
lower than those of the corresponding rapidly cooled films. The 1 , increase 

in the temperature range 650° 0 to 1030°C is, m this case, only by a factor of 160 
whilo the increase in the resistance R 2 (2.5) is s much less than would be expected 
from the corresponding increase in the thickness of the film. This remarkable 
result indicates a plausible change in the structure of the film. The changes 
in the crystal structure of the film begin to show themselves at the free surface 
at 650°0. Signs of 111 orientation are still there, but wo see spots on rings 
indicating an increase m the size of the crystallites ol Cu 2 0 at the free surface 
There is no change in the structure at the depth 1000 A below the free surface at 
this temperature At 7()0 U C the structure of the free surfac i» the same as 
at 650°C. But now the structure at a depth of 1000 A begins to show changes. 
222 ring has started to become broad and very strong at the centre, showing the 
presence of small oriented crystallites The X-ray picture of this film (figure 
26, Plate X) formed at 700°C and which is about 14 microns thick show's normal 
rings of Cu 2 0. This shows that the average structure of this films is still that of 
normal Cu a O (Table III). 

(f) The films formed at 800°C and 900 °0 show an additional different c 
between the slowly cooled and the rapidly cooled films. Both the films, so far, 
w'crc showing a small asymmetric conduction or rectification . The rectifica- 
tion of the slowly cooled films now becomes appreciable, about 10 at 800°C, this 
increases to about 30 for a film formed at 90(J°C. The structure of the free surface 
at 800°C, is the same as at 700*0, with spots on rings and 111 orientation. The 
structure at the depth of 1000 A is also the same as at 700 C C and shows a 222 
ring very broad and strong at the centre. The X-ray pattern, however, begins 
to show r a change, the 220 ring of Cu 2 0 begins to increase in intensity and 200 
begins to decrease in intensity. This show's that at 800° C the average structure 
of all the crystallites in the film (as shown by X-rays) has started to change At 
900°C we observed an almost complete change in the structure and if we remember 
that this is the temperature at wiiich the rectification is 30, the result is very 
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Relative changes in X-ray reflection intensities 
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significant. The electron reflection picture (111 orientation and rings with spots) 
shows that large oriented crystallites of normal Cu 2 0 are present in the free sur- 
face. The layer at a depth of 1000 A shows a pattern of four rather broad arcs 
which approximately correspond to 111, 222, 333 and 444 acre of Cu 2 0 (Fg, l 
Plate XI Table IV). This indicates that rather small oriented crystallites of Cu a O 
are present at this depth. A similar structure was observed by us at a similar 
depth in an oxide film formed at lower temperatures and slowly cooled, which 
just began to show rectification. ThiB leads us to suggest that there is Borne 
connection between this structure and rectification. The X-ray picture of the 
film formed at 900°C (figure 2, Plato XI and Table IV) shows that the 220 ring 
has become much stronger and the 200 ring has nearly vanished. In the arrange- 
ment used by us, 220, 311 and 222 are rather broad and they do not enable jus to 
determine whether the change of intensity is due to a change in orientation or 
structure. This point was settled by taking a few back reflection photographs 
and studying rings of higher orders like ^24. y/21. These photographs clearly 
show that the change in intensity is definitely due to a change m the crystal 
structure. 


(g) In the films formed at 950°C, 1000°C and 1030°C we observe a rapid 
increase m rectification, The changes in structure already observed which ac- 
company an increase m rectification are now' more pronounced. 

(h) The average rectifier formed at 1030°C is about 90 microns thick. The 
manner in which its structure changes with the depth is shown in Table Ilia. Ibis 
film, if it is rapidly cooled, shows at the surface a layer of 0u 2 0 with large crystal- 
lites showing a 111 orientation and rings with spots. But during the process of 
slow cooling of this film, the topmost layer becomes very uneven, (probably 
because of ejection of oxygen) and does not show any electron reflection pattern 
When this topmost uneven layer (about 1000 A) is removed we begin to get an elec - 
tron diffraction pattern, Between i/i and 80// we see the four arc pattern indi- 
cating the presence of small crystallites of Cu 2 0 (with excess oxygen), which have 
111 orientation and which form a layer like structure. Now at 80 microns we 
begin to see spots on rings, but these spots are elongated^ The spots lie on rings 
of normal Cu 2 0 showing that the size of the crystals is now larger. The elongation 
of the spots is probably due to refraction. The 222 ring of the 4 arc pattern also 
persists, showing that large normal crystallites of Cu a O are present side by 
(Schottky, 1930 ; Zworykin and Bamberg, 1950) with small ZnS type of crys- 
tallites of Cu 2 0. At 88// copper rings begin to appear along with the normal 
0u 2 0 rings and the four arc pattern has completely vanished. At 90// depth wc 
also see the elongated spots, but now they are present on the copper rings and 
not on the Cu 2 0 rings. 
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PLATE XI 



Fig i Shows (he (oui an pattc rn, whkh approximately umesponds 
i \ nlc (aide 1\ l lo iii, ; and ,\\ 4 ar<s of Cu*>0. 


tin 




l ig. a. Shows X-ia\ lellutimi limn (lie subslamos mentioned below. 

(a) CujO puvvdei Willi small i upper impunt' 

( 1)1 Cu.O him burned .11 700 C o f, mm Hg an picssure and slowly tool. d. 

tr) Cu.O him lormed at yoo C at the same picssmc and slowly cooled 

(d ) Cud ) him loin led at 1030' C al the same pressure and slowly tooled 

(c) Cu d J him lonm d at 1030 C at (he same pn ss.m but suddenly (ooleil 
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TABLE 111(a) 

Changes of crystal structure with depth for a cuprous oxide rectifier film formed 
at 1030°C, and slowly cooled. Film thickness about 90 microns. The table givos 
average values from 7 films. 


Depth from Electron reflection 

the free pattern 

surface in 
microns 


0.0 

No pattern. 

0.1 

No pattern. 

1.0 

The 222 arc of the four Rrc put- 
tern visible 

5 O 

The four arc pattern 

25 0 

-do- 

50.0 

-do- 

00.0 

Four arc pattern but. 222 strong 
and others weak. 

75 0 

The 222 are of the four arc pat- 
tern only 

80.0 

222 arc and elongated spots on nor- 
mal Cu 2 0 rings 

85.0 

•do* 

88 0 

<><>•> n 11 ^^...'wualld 

normal 0u 2 O with elongated 
spots on normal Cn 2 0 

00 o 

Rings of Ou and normal Cu a O but 
with elongated spots on Ou and 


not on Cu 2 0 


TABLE IV 

Intensities and the ‘d’ spacing* of the four arc pattern. 


Comparable values for 
normal Cue 0 


Ato. No. 

Intensity 

d in A — 

observed 

h k l 

d in A 

1 

30 

2,4 ±0.08 

1 1 1 

2 47 

2 

100 

1 ,26+0.05 

2 2 2 

1.24 

3 

10 

0.8 ±0 03 

3 3 3 

0.82 

4 

20 

0.6 +0 03 

4 4 4 

0.618 
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RESULTS (MAGNETIC SUSCEPTIBILITY) 


The values of the susceptibilities obtained under various conditions are given 
in Tables Va, Vb and VI. The greater the change in weight observed, the greater 
is the accuracy of the susceptibility measurments. For a given susceptibility 
the change in weight will be a function of the amount of material which could be 
used. Thus greater the weight of the oxide or greater the thickness of the oxide the 
greater is the accuracy of the susceptibility measurements. Or, x cannot be measur- 
ed very accurately for thin films formed at lower temperatures. This will be seen 
in Table VI. All the values of the susceptibility so determined along with their 
corresponding rectifications are plotted in figure 3. 



MAGNETIC SUSCEPTIBJLITVXIO 

Fig. 3. Shows fcho relation between the magnetic susceptibility and the rectification for tin* 
Cin»0 films prepared at ]03O U C followed by different heat treatments 

Further understanding of the results will be considerably helped if we re- 
capitulate the general picture of the formation of the Cu 2 0 barrier layer. At 
low pressures at which the layers are prepared, small crystallities of Cu 2 0, con- 
taining a few extra oxygen atoms, are formed. During the process of slow cool- 
ing most of the dissolved oxygen gas is ejected out, retaining only a few oxygen 
atoms in the crystallite. We know that pure Cp 2 0 shows (Klemm and Schuth, 
1932) a diamagnetic susceptibility ( — 18.0 x 10~ 8 ), while oxygen gas shows a 
paramagnetic susceptibility. Assuming that the susceptibility of the solid 
solution is the sum of the susceptibilities of the two components, it will be possible 
for ub to calculate the amount of oxygen present per 100 molecules of Cu 2 0. 
provided we know the susceptibilities of Cu 8 0 and oxygen. We made such ail- 
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centage of oxygen 11 atomT pZlnt^ reCtifi ° Btion " B func «on of the per- 


tXCESS OXYGEN ArOMyi00CU,O 

Tmr 4 Shown the illation between the reutificai mn nnH +v. 

, , uicimun and the percentage excess of oxvimn 

“toms present, loi nil fi| m „ Fi„. :) it lx ™" 8 oxygen 


TABLE V(ft) 

Changes in y as a funetion of the time of cooling the oxide film. 


Cooling 
limy t 

Obn No from 10 JO 
to 200°C 
min. 

1 2 

Wt. of 
oxide film 
m in mgm 

117 90 

H3 . 60 
102 02 

Change in 
(m) due to 
magnetic 
fiold in 
mgm 

1 0.04 
-1 0 03 

1 0 04 

Aron, of 
cross 

Heel, ion 

sq.cm x 10* 

26 4 
19.2 

22 7 

Magum ie 
suscepti- 
bility 

X108 

1 11 91 

-f 12 07 
13 7 

liX(!OBH Of 

oxygen 
ntoniH per 
100 Cu 2 
molecules 

2 75 
2.76 

2 91 

Rectifi- 

cation 

R x 'M 2 at 1.5\ 
Mean of 6 
readings 

1 . J 

1.4 

1 10 

-J 10 

J0H.77 
103 17 
101.09 

i 0.03 

1 0 02 
1-0 02 

23.4 
23.0 

22.5 

1 9 86 
i 6.57 
!-6 86 

2 . 56 

2 26 

2 . 29 

1 10 

1.8 

I 58 

3 00 

113 79 
115. 40 
110. 83 
94.69 

H 0 01 
! 0 01 

0 

0 

25 4 

25.7 

24.6 

21.3 

1 3.05 

4 3 00 

0 

0 

1.94 

1.93 

1 65 

1 65 

22J-1 0 
32±2.7 

68 ±4 

125 d_ 3 5 


111 .26 

-0.01 

24.6 

- 3.14 

J .30 

118±4 4 

+ 90 

J 03 . 15 

-0.01 

22 9 

3 . 38 

1 34 

136 d 6 2 



100 21 

0 01 

22 1 

-3.5 

1.33 

152^4 6 


101.42 

- 0 02 

22 6 

6.85 

1.01 

215±5 8 

■ r > 1 HO 

83.54 

-0.02 

IH.5 

-7.16 

0 . 99 

241 d. 3.7 


96.00 

-0.02 

21.5 

-6 89 

1.02 

242±5.0 


114.77 

-0.03 

25,4 

-0.34 

0.79 

302d_4.B 

« 300 

106.10 

-0 03 

23 6 

— 9 82 

0 . 75 

290 d- 3 7 

. 

85 , 59 

-0.02 

19 1 

-8,0 

0 . 92 

3I4±5.3 
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TABLE V(b) 

Same as V(a) but now the oxide films were kept at 980 o C±15 o C for 
t'e hours and then cooled as in Obs. No. 6 of Table V(a). 


Obs. No. 

l‘c (hours) 

Wt. of 
oxide film 
n\ in mgm 

Change in 

(m) duo to Area oi 
magnetic 1 cross 

field in soetion 

mgni sq.cm XlO 4 

Magnetic 

BUHfiOptl - 

bill tv 

Xl0« 

Excess of 

oxygen Rectification 

atoms per Ri'Rn at 1.5 V 

1 00 Cu 2 D.C. Moan of (i 
molecules readings 

7 

4 

114 77 
110.26 
115.40 

-0 03 
-0.03 
-0.03 

25.4 

24.6 

25 7 

-8 96 

— 9 32 

- 8.9 

0 83 
0.80 
0.84 

200 i 5.0 

305 J- 7 5 
306±6.3 



106.10 

-0.03 

23.6 

-9 75 

0.76 

232 ±5 . 3 

8 

0 

101 .42 

-0.03 

22 6 

-10 2 

0 72 

231 2 



103 17 

-0.03 

23.0 

-10.0 

0.73 

21 lit 10. 3 



94.69 

-0.03 

21.3 

-10.7 

0 67 

203 ± 3l2 

9 

9 

83 . 97 

— 0.03 

18 6 

-12.3 

0.51 

182 4-2. ft 



96 00 

-0 03 

21.5 

-10.7 

0 67 

ini d-» ' 



85 . 59 

-0.03 

19.2 

- 12.2 

0.52 

1 I 6 ;j- 1 2 ^ 

10 

12 

94.64 

- 0.03 

21.3 

-14.4 

0.33 

U4±3.2 



91 00 

-0 04 

20.3 

-15 0 

0 28 

90 J. 4 



86.97 

-0.04 

19 3 

— 1 5 7 

0.20 

99-1 7.2 

11 

10 

85.00 

-0 04 

22.0 

-13.9 

0.38 

1044 5.3 



87.00 

-0.04 

19.3 

-15 7 

0.20 

91^2 


TABLE VI 

Average values of R } /R z and ^ as a function of the temperature of formation 
and the time of cooling. 


Temperature 
of oxido 
formation °0 

Method of cooling 
the oxido 

Thickness 
of oxide 
layer in 
microns 

Rectifica- 

tion 

JBj !lt. 

X.10B 

Minimum 
valuo of X 
that can he 
detorminod 
X.10H 

700 


Sudden 

6 

l 

-I 9.4 

9.4 

700 

Slow 

700°-200° 
in 90 min. 

6 

5 

49 4 

9 4 

800 


Sudden 

12 

1 

1-6.4 

6.4 

800 

Slow 

800°— 200° 
in 120 min. 

12 

15 

-1-6.4 

6 4 

900 


Sudden 

17 

1 

-1-7 8 

4.8 

900 

Slow 

900°-200° 
in 150 min. 

17 

100 

-4,8 

4.8 

1030 


Sudden 

20 

1 

+ 12.0 

3.0 

1030 

Slow 

1030°-200° 
in 180 mm. 

20 

200 

-7.0 

3.0 
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This picture tells us that the suddenly cooled films probably retain enough 
oxygen, which is paramagnetic, and make the mixture show a paramagnetic 
susceptibility. Heat treatment in the form of slow cooling ejects oxygon atoms, 
making the film less and less paramagnetic. This increases the rectification. 
The optimum conditions we were able to obtain were, a rectification of about 
300 with a rate of cooling of about 3°C per minute, the corresponding value of the 
susceptibility was about -9xI()- B . If we could reduce the amount ot dis- 
solved oxygen still further, we should be able to obtain an increase m Ihe diamag- 
netic susceptibility. The question now arises as to what would happen to the 
corresponding rectification . 

Wc wore able to solve this problem by a small variation 111 the annealing 
technique. The oxide layer formed at 1030°C, was cooled from 1030°C to 980°C 
in 18 minutes, it was kept at this temperature of 980°C for various intervals of 
time (4, 6, 9, 12, 16 and 36 hours) it was then cooled from 980°C to 200°0 in 282 
minutes. This procedure enabled us to have films with a reduced content of oxy- 
gen, increased diamagnetic susceptibility and a reduced rectification (see figure. 3 
and 4). 


DISCUSSION 

We have seen that signs of change of crystal structure at a depth of 1000 A 
below the free surface begin to show themselves for films prepared at 700°C and 
slowly cooled. Those films show a small rectification. The X-ray picture of 
those films shows normal Cu 2 0, that is the crystal structure lias not changed for 
the majority of crystallites but has changed only for a few of them present in 
a layer at a depth of 1000 A. In the case )f the slowly cooled films prepared at 
900°C the electron diffraction picture of the layer at a depth of 1000 A Bhows 
a complete change, so also does the X-ray picture The X-ray picture Hhows 
lines in the same position as before but their relative intensities are more like 
those from a ZnS or a diamond cell. Thus the X-ray pictures suggest that in 
the rectifying state, the structure of the majority of Cu 2 0 crystallites changes 
over to that of zinc blende or diamond type (Table III). The corresponding elec- 
tron reflection pictures show four broad rings, which are really arcs, about 30° 
wide and strong at the centre. This picture (figure 1) indicates that a large number 
of crystallites of Cu z O are so oriented that the 111 face is parallel to the substrate. 
Normally with such an orientation (111 of 0u 2 O) many other rings are seen (figure 
4.) In this case we do not see any other rings or the arrangement is a 
single crystal arrangement in two dimensions but not in the third. Such a pseudo 
single crystal structure or a layer structure tends to exhibit effects of surface 
reflection (Raether, 1932; Dixit, 1933) and also of multiple reflection (Ehlers, 1953; 
Gottsche, 1956) of the electron beam. The effect of the surface reflection is to 
make the 222 ring broad and intense. The effect of multiple reflection is more 
pronounced for the outer rings, 333 and 444, 
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Thus both, the X-ray pictures (directly) and electron pictures (indirectly) 
show that the structure of a rectifying layer of Cu 2 0 is of the zinc blende type. 
Such a result is not entirely unexpected in the light of the experiments of Wolkei 
(1952 and 1953). It also agrees with the observation of Hoffmann and Rose 
(1953) that the rectifying layer of cadmium selenide has a structure of the zinc 
blende type. A plausible picture for such a change is already given by one ol 
us (Dixit, 1956). The layer of Cu 2 0 formed at low pressures contains extra oxy- 
gon . These extra oxygen atoms could i easonably be expected to occupy the sites 
which are occupied by sulphur atoms m a similar zinc blende cell But as the 
number of excess oxygen atoms present is small, we may assume that the oxygen 
atoms, occupy the sulphur atom sites on a time average basis and modify the 
Cu 2 0 structure to a zinc blende type | 

The magnetic susceptibility measurements (see figure 4) show that for maxi- 
mum rectification, about 1 oxygen atom is associated with about 1 10 ±20 mole- 
cules of Cu 2 0 But as 2 molecules of Cu 2 0 are associated with a cell, this indi- 
cates that one oxygen atom is associated with about 55±J0 cells. Assuming 
these cells form a crystallite with equal linear dimensions, the width of such a 
crystallite of 0u 2 0 will bo about 4 cells or 17 A units. This should he compared 
with the sizes of crystallites obtained from the width of arcs in the 4 are patterns 
(see Table VII) For any particular crystallite the number of associated oxygen 
atoms will be always integral. The average of such associated oxygen atoms 
associated with an average crystallite when plotted against rectification gives 
a curve very much similar to the curve in figure 4. The maximum rectification 
occurs when the amount of oxygon associated with a crystallite is about one atom 
(i.0±0.2). 

Thus our picture of the formation of a rectifier layer is as follows . During 
the process of formation of a film of 0u 2 0 at low pressures and high temperatures, 
a definite number of extra oxygen atoms (very probably about 3) get associated 
with a crystallite. This association can be expected to give rise to a modified 
form of crystal structure of Cu 2 0 namely a crystal structure of the zinc blende or 
the diamond type. During the process of annealing, the oxygen gas is gradually 
ejected out. This reduces the average number of oxygen atoms associated with 
a crystallite to 2 and then to 1. The association of onejixygen atom (of course 
as an average) with a crystallite gives us the maximum rectification. A further 
reduction in the amount of oxygen reduces the rectification till we reach the stage 
of zero oxygen atom associated with a crystallite. This of course is the stage 
when we have pure Cu 2 0 which as is well known is not a rectifier. It is significant 
to note that when we succeed in removing all oxygen from the rectifier, by suitable 
heat treatment, the substance is no longer a rectifier and the crystal structure of 
pUpO (as shown by electrons) again changes back from the zinc blende pattern 
to the normal pattern. The signs of this reversal of crystal structure are seen 
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m specimens annealed for 86 hours. They shew the 4-arc pattern and also some 
prominent rings of normal Cu 2 0 (V4, V& and V1V20). 

TABLE Vli 

The average size of a crystallite in a film formed at 1030° C ( calcu- 
lated from the formula given by Stokes and A. K. Wilson 1 19421 


Nature of the post R^ r E 2 

oxide treatment 

Width w of the 
2nd arc in tho 4 
nrc pattern in 
mm 

A village thiuknoss 
t of a crystallite 
in A 

t -- \ L’w 

Suddenly cooled 

(Table 1 obs 1) 11 

18 j 0 1 

U 7 i 0 7 

Slowly cooled 

(Table 1 obs. 7) 95 

1.8 -i,0. 1 

13 l 10.8 

Slowly cooled 

(Tablo 1 obs. 13) 290 

1 4 10 1 

15.0 11 .0 

Stored for 16 hours nt 

ABl) D C and Hlowly 104 

cooled 

1 . 25 i o 05 

16.8 10 7 

Stored for 36 hours at 

980 e C and slowly coolod 25 

J 1 l-o 05 

19 1 10.9 

MECHANISM O F T H E FORMATION O F T H U 

H K C T I F Y I N O L A Y E R S 


The formation of a layer of Cu 2 0 below another Cu 2 0 iayor, should be com- 
pared with the formation of a Cu 2 0 Iayor below a CuO layer already observed 
by us. We were then working at atmospheric pressure, and now we are working 
at a low pressure. This results in the present case in the formation of Cu B 0 
civstals at the surface. The crystals of Cu 2 0 formed underneath show a peculiar 
si mature. The formation of these peculiar crystals of Cu 2 0 (0u 2 0 with a diamond 
or zinc blonde structure) may be considered as an (epitaxial) undergrowth. 

Wo have seen that with an increase in the time of formation of the oxide 
film or with an increase of temperature at which the oxide film is formed (vide 
T able TI) there is a tendency for the crystallites in the surface to change over from 
a double orientation 110 and 111 to a single orientation 111. -For a temperature 
ol' the film greater than 700 n C, the crystallites in the surface show a 111 orienta- 
tion but an increase in size. Boeauee of this instability a few oxygen atoms or 
was are able to diffuse through the interspaces between the crystallites of Cu 2 0 
present at the surface. A thin layer of oxygen will now bo formed below the free 
surface and this will enable new crystallites of Cu a O to be formed (according to the 
Migration theory of Mott and Cabrera, 1949) below tho old, oriented crystallites of 
Ca,0 present in the surface. We could reasonably expect from the laws of epi- 
cal growth that the new crystals of Cu.,0, if they grow directly on the oriented 
6 
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crystals of Cu 2 0, should have the same structure and the same orientation. But 
they are really growing on a thin oxygen layer formed on the oriented crystals 
of Cu 2 0 This introduces a small modification in the structure of Cu a O crystal- 
litos formed. The crystal size is the same, the orientation is the same, but a 
few more oxygen atoms are virtually incorporated in the 111 plane. This in- 
clusion of a few more oxygen atoms in the 111 planes of a Cu 2 0 crystal changes 
its structure to that of the zinc blonde type. 

The formation of this peculiar undergrowth depends on the presence cl 
oriented crystals of Cu 2 0 with 111 orientation in the surface. The role of 111 
orientation can be understood if we remember that the system of 111 plancR m 
0u 2 0 includes copper and oxygon atoms in alternate planes and thus permits 
the inclusion of a few more oxygon or less copper atoms in this system of plianes 
ThiR 1 1 1 orientation is also helpful, because now the plane of oxygen atonip on 
which the epitaxial growth takes place becomes the virtual 111 plane of the Incw 
crystallites. Thus in this epitaxial growth the new crystal starts with an excess 
of oxygen atoms in the 111 plane. The excess of oxygen changes a 0u 2 0 crystal- 
lite into a virtual zinc blonde crystallite 

Our experiments thus show that the formation of small crystallites of 0u 2 0 
with an excess of oxygen showing a zinc blende or a diamond structure is 
a necessary condition for rectification. The actual amount of oxygon required 
for rectification is then adjusted during the subsequent heat treatment. 
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ABSTRACT. The ultraviolet, absorption spectra of 1, 3. n-tnolilorobenzene and 
U, 4-U'ichloroben/ene in the liquid and nolid stales at (hflorenl tompcittliues have been 
studied and the results have boon compared with those reported by proMous woikois for tho 
vapour state. 

In the case of 1, 3, 5-triehlorobonzone tho 0, 0 bund ih foi bidden m the Mipom state 

Tlie bands in tho apoetra due to the substaneo in the liquid state at mid m the solid 

state at 36°C are broad and the frequency differences do not agree with those obweived in 
[lie case of tho vapour. Tho spectrum due to tho crystal at - 180°t\ however, exhibits u 
huge number of sharp bands and the forbidden 0,0 band is found to appear with weulc 
intensity and with its position shifted by 270 enri lowimls longer wuxelengtbs fioin its 
eah ulatod position in the spectrum due to tho vapour The results have been explained on 
tho assumption that the threefold axis of the molecule disappears at. -ltfO°C owing probably 
to the foi illation of weak intomiolooular bonds 

Tho spectrum due to 1,2, 4-trichlorohenzene in the liquid state consists of broad bands 
with the 0,0 band displaced by 354 cm -1 towards longer wavelengths from its position in 
the spectrum due to the vapour. AVith solidification and lowering of temperatmo to - -J80 u O 
the bands become sharp and on analysis they yield excited state vibration frequencies agree- 
ing with Homo of those observed m the spectrum due to the vapour 

INTRODUCTION 

The ultraviolet absorption spectra of 1 , 3 , 5- trie 1 i lor o l iciizenc and 1,2,4-tri- 
chlorobeuzeno in the vapour state have been studied by Sponer (1947), Spoiler 
and Hall (1948) and Kohn and Spoiler (1949). Spoiler and Hall (1948) pointed 
out that 1,3,5-trichlorobenzene belongs to point group D^, and tho near ultra- 
violet transition is A\-A\ corresponding to the A^-B iu transition in benzene 
which has symmetry D oh This transition would be forbidden according to 
group theory, as in the case of benzene. The spectrum of the compound m 
the vapour state reported by Sponor (1947) and Sponer and Hall (1948) accord- 
ingly does not exhibit the 0,0 band, but its position was determined from the 
frequencies of the first strong band and a weak band on the long wavelength 
side. These two bands correspond respectively to the excited state and ground 

*Commuuicafced by Prof. S, C. Sirkar. 
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state vibration frequencies of a mode corresponding to one of the components 
of e 2g mode of the benzene ring. These two frequencies were found to be 
371 cm -1 and 425 cm -1 respectively. From the results the authors calculated 
the position of the 0,0 band and found it to be at 35498 cm' 1 in the same way 
as vas done for benzene. 

In the case of benzene it was observed that in the spectrum of the com- 
pound in the solid state at — 259°C (Kronenberger, 1930) the forbidden 0,0 band 
appears with weak intensity owing to the influence of intermolocular forces m 
the solid state (Sponer, Nordheim, Sklar and Teller, 1939) and the bands were 
shifted by 261 cm* 1 towards longer wavelengths. It is not known, however, 
whether in the case of 1,3,5-trichlorobenzene in the solid state at low tempera- 
tures the molecule is distorted so that the symmetry of three-fold axis is des- 
troyed and the transition moment does not vanish completely. IT such\ dis 
tortion would take place, the 0,0 band would be present in the absorption Spec- 
trum. The study of the absorption spectrum of 1,3.5-trichlorobenzene at 
— 180°C was, therefore, undertaken to find out the influence of intermolecidar 
field on the absorption spectrum. 

The molecule of 1,2,4-trichlorobcnzene has the 1< west symmetry C\ and 
the 0,0 band appears strongly in the spectrum due to the substance in the vapoui 
state (Sponer, 1947; Kohn and Sponer, 1949). This shows that the band system 
is due to an allowed transition. The influence of intermolocular field in the 
solid state at — 180°C was not know r n in this case also. So, ill the present 
investigation it was intended to find out whether the absorption spectrum of 
the compound in the vapour state changed with liquefaction of the vapour oi 
solidification of the liquid. The results of these investigations have been dis- 
cussed in the present paper. 

EXPERIMENTAL 

Chemically pure 1,3,5-trichlorobenzene was supplied by Eastman Kodak 
Co. and was purified by crystallisation from solution in alcohol. 1,2,4-Tnchloro- 
benzene of similar purity was obtained from B.D.H. and was distilled under 
reduced pressure before use. Absorbing films used were of thickness of the 
order of a few microns. Spectrograms were taken on Ilford HP3 films with 
a Hilger E 1 spectrograph. Iron arc spectrum was taken on each spectrogram 
as comparison. Microphotometric records were taken with a Kipp and Zonen 
type Moll microphotometer. The absorption spectra were calibrated with the 
help of microphotometric records of iron arc lines by the method described 
earlier (Banerjcc, 1956). 

RESULTS AND DISCUSSION 

The microphotometric records of the spectrograms are reproduced in figures 
1 and 2. The frequencies of the bands with their probable assignments are 
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given in Tables I and II. The visual intensities are given as very strung (vs) 
strung (a), etc. The data for 1 ,2,4-triehlorobonzene in the vapour state reported 
by Kohn and Sponer (1049) have been included in Table II for comparison, 

1,3,5 ’Trichlorobenzene ■ 

It can be seen from figure 1(a) that the first band at 35219 cm-’ on the long 
wavelength side of the absorption spectrum of 1,3,5-trichlorobenzene in the 
solid state at - 180°C is much weaker than the next stronger band at 35002 cm- 1 , 
and the interval between the two bands is only 383 car '. In the absorption 
spectrum due to this substance in the vapour state, there is a feeble band at a 
distance of 796 cm" 1 from the first intense band at 35869 cm-' on the long wave- 
length side. Those two bands are assumed to be duo to coupling of 1 -» 0 and 
0— >1 vibrational transitions with the electronic transition, the ground state and 
excited state vibrational frequencies being 425 cm- 1 and 371 cm- 1 respectively 
(Spoiler, 1947; Sponer and Hall. 1948) hi the case of the solid at -180 u 0 the 
first band at 35219 cm 1 cannot be due to 1— > 0 transition, because there is no 
corresponding stronger band on the short wavelength side of the second band at 
35002 cm 1 Hence it appears that the first, weak hand at 3521 9 cm" 1 in this case 
is to bo assigned as the 0,0 band. In that case the band at 35602 cm -1 would re- 
present the 0— > 1 band involving the excited state vibrational frequency 383 era J . 

A very weak band at a distance of 423 era 1 on the long wavelength side of the 
band at 35219 cm -1 is just visible in the spectrogram , and this confirms the 
correctness of the assignment of the 0,0 band. Thus the symmetry of the mole- 
cule is disturbed in the solid state at — 180°C and the 0,0 band appears with 
small intensity. These results, therefore, prove the correctness of the assump- 
tion made by Sponer and Hall (1948) that the 0.0 band is absent in the spectrum 
due to the vapour state. 

There is another strong evidence supporting the assignment made by Sponer 
and Hall (1948). They observed a progression 0+371+^x963, but no such 
progression as 0+91X963, which showed that the totally symmetric vibration 
coupled to the electronic transition was also forbidden. In the case of the 
crystals at —180°C a progression of 0+w X 975 is observed in the present 
investigation. This shows that the symmetric oscillation coupled to the 0,0 
electronic transition is allowed at —180°0. Hence, the electronic transition 
itself is allowed and the threefold symmetry of the molc/cule is not present at 
~I80°C. 

As regards the change in the frequency of the 0,0 band with change of state 
it can be seen that the frequency changes from 35498 cm 1 (calculated) to 
35219 cm- 1 with solidification of the vapour and lowering of temperature to 
~180 e C. Thus the band shifts by 279 enr 1 towards longer wavelengths with 
the solidification of the vapour, 
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Fig 1. Mioropholometnr records ol tho ultiuviolot absorption spectra of 1, 3, 5 tnchloro- 
lonzcnc. 

(a) Solid at - 180 c t' (b) Solid at 3tl°(! (c) Liquid at 08T 
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Fig. 2. Miorophotometric records of tho ultraviolet absorption spectra of 1.2,4 trichloro- 
benzene. 

(a) Liquid at 38°0 ( b ) Solid »t -180 6 C. 






Electronic Spectra of Trichlorobenzenes , etc 

487 


TABLE ] 




Abaorption bands 

of 1,3,5-trichlorobenzene 


Liquid at 08°C 1 Solid at 36 U C i 

Solid at - 

180C 

Wav© No. 
(cm -1 ) & 
m tensity 

DitT- botwoen Wave No 
Huoeosive (enr 1 ) & 

bunds intensity 

Dill, between 
HUCUOMBlVIi 
huudh 

Wave No 
(ciu~i) & 
intensity 

Assignment 

35513 b 

35564 m 
925 

90S 

34769 v vw 

0 - 423 

36438 s 

36472 in 


35219 in 

0,0 


1004 




MU-2 h 

37618 m 


35412 v\s 

0 ( 193 


1149 




w 

38568 vw 


85602 vs 

0 r 383 




35883 w 

0 | 664 




35978 in 

0 1-2x383 




36194 m 

0 \ 975 




36260 m 

0 i 1041 




36046 m 

OH 1127 




36460 w 

0-| 193 (-1041 




86531 iv 

0 ! 193 | J 127 




36565 vh 

0 1 383 ( 975 




367 1 3 vs 

0+ 1494, 

0 + 1127 | 383 




36930 w 

U~i 2/383 + 975 




37094 m 

0 j 1494 i 383 




37 177 w 

0 1 2X975 




37330 vw 

0 ( U75 + H27 




37525 vw 

0 |-383-l 2x975 




37667 m 

0 f 1494 -1 975 




37824 m 

0-l 1494 i 1127 




38040 w 

0 1 2 X 383i 2x975 




38151 vw 

0 I-3X975 




38605 w 
38793 w 
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TABLE II 

Absorption bands of ^1,2,4-trichlorobonzene 


Vapour* 

(Kohn ami Spoiler, 1949) 

Liquid at 38°C 
(Present author) 

Solid at — 180°C 
(Present author) 

Wave no. 

(dii -1 ) & 

intensity 

Assignment 

Wave No. 
(om -1 ) & 
intensity 

Assignment 

Wave No, 
(onri) & 
intensity 

Assignment 

35565 fi 

0-543 

34754 s 

0 , 0 

34736 s 

0 , 0 

35908 a 

0-200 





35004 h 

0-104 

35825 h 

0-1 1071 

35120 w 

0+384 

35010 h 

0 -98 

36896 m 

0 +2x 1071 

35356 m 

0 \ 620 \ 

\ 

35048 v h 

0—60 



35500 w 

OH 764 

35108 vs 

O, 0 



35825 r 

0 1- 1089 

35472 w 

0 , 364 



36208 w 

tN-384 | 1089 

35737 ium 

0 t 629 



36261 w 

0 1 2x764 

36075 s 

0 i 967 



36450 m 

0 I 620 H 1089 

36105 vs 

0 + 997 



36579 w 

0 ( 764 4 1089 

36154 m 

0 | 1046 



36916 s 

0 h2x 1089 

36208 vh 

0 f- 1100 



37302 w 

0 — 384 |'2x 1089 

36228 s 

0 t 1120 



37540 w 

0 r 620 2 * 1089 

36236 h 

0 i 1 128 



3 8004 v 

O H 3 y 1089 

♦Only prominent bands involving the fundamental iroquencios have been included 


The absorption spectra due to the substance in the liquid state at 6B°C and 
in the solid state at 36°C reproduced in figures 1(c) and 1(b) show that in each 
of them !here are four broad bands and that the bands do not undergo any 
change with solidification of the liquid and cooling down to 3G°C, The bands 
due to the liquid and the crystals at 36°C are broad and the frequency differences 
do not agree with those observed in the case of the vapour or the solid at — 1H0°(- 
This shows that each broad band consists of several broad bands overlapping 
each other. The bands due to the liquid are broad because of fluctuation of the 
inter molecular field caused by motion of the molecules. In the case of the crystals 
at 36° C this motion may be angular oscillation ab^ut the axes of the molecules. 

These results show that when the crystals of 1,3,5-trichlorobenzene are 
cooled to — 180°C some new strong intermolecular forces are developed and 
the symmetry of the molecules is partially destroyed. The symmetry, bow- 
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over, can be disturbed only when there is location of some virtual bonds between 
he molecules at certain pom s . These results show conclusively that su 
bonds are formed only at the low temperature in this case. 
\,2£-Trichlorobenzene ■ 

The molecule of U^trichlorobcnaene belongs to the point group f, and 
the near ultraviolet, transition which is A '-A' is allowed V 

of 1 ,2, 4- trichlorobenzene reported by Kohn and Sponcr ,11,4b) shoTs TstZ 
0,0 band at 35108 em~> and a large number of bands mvolving different vibra" 
tional frequencies. In the liquid state the compound yields three broad bands 
with the positions of maximum intensities approximately at 34754 35825 and 
36896 cm -1 respectively The bands are broad and probably bands’ due to the 
transitions merge into one another to produce these broad bands. Of the 
three bands due to the liquid the first, band has been taken as the 0,0 band The 
three bands are separated from each other by 1071 cm * It, can’ be seen that 
the 0,0 band of the liquid is displaced by 354 cm-* towards longer wavelengths 
from its position in the vapour state. The shift is larger than that observed 
m the case of 1 ,3,5-trichlorobomsouo at, -180'C, probably because in the present 
case the molecule is more asymmetric and possesses a permanent electric moment. 
When the liquid film is frozen and cooled to -180°C, the individual broad bands 
becomo sharp and some of the frequencies are resolved. This sharpening of 
the bands is partly duo to weakening of the t>-> v transitions and partly to 
cessation of angular oscillation of the molecules. The position of the 0,0 band, 
which is quite intense, remains almost unchanged at -]80°f! and the bands 
can he assigned to transitions involving excited state vibrational frequencies 
384, 620, 764 and 1089 cm-* of which the hands corresponding to the frequency 
1089 cm 1 are most prominent. 
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THEORETICAL CALCULATIONS OF TRANSITION 
PROBABILITIES IN THE FIRST NEGATIVE (6*S , -+» 4 n- ) 
BANDS OF 0 2 + 

V. S. KAO AND J. I). KANADE 

X)iilPAKTMKNT OF PHVHU'S, I t N1VPRSJTY OF HAUUAH, SaIKJAJ! (M.P ) 

( Rereived for jjubhcttUon, Junmtnj I, I Hf>7) 

ABSTRACT. Ti tuiHilion moments ami tumult urn piobnbiliiioh hnvo boon riitanlaU'd 
lining tliu ruHlhods of Mtumobuck, Mnnneback unit Hal mi an for 1 he first migntivo (Mig— 
hands of () 2 +. as some’ of the IuukIh td this systimi have boon identified in Iho HpiTtruiii of 
aurorao ruorntlv. Out mHult.s aro com|)au*d with those of .rurmin, Fraser and Nirholls 

1 N T K () 1) U V T I l) N 

Uutchisson (1930) iirat gave the method of evaluation of the Condons 
overlap-integral ( L920, 1928) fur the transition momems of vibrational spectra m 
electronic bauds of diatomic molecules for the case of a harmonic oscillator: later 
he (Hulehissou, 11131) extended the same to auharincmic oscillator also His 
results are ill the form of a finite senes of expansion but of complicate lorins and 
lengthy for evaluation. Also the greatest difficulty in his method is the lack of 
check ou the results computed. Nevertheless, his method has been successfully 
applied by many workers to several molecules of astrophysieal importance. 

Many other authors (Bates. 1952. Fraser and Jarmm, 1953; Fraser, 1954) 
have tried to improve upon the method of Hutehisson, analytically, by taking 
into account of the anharmomcity of the oscillator. But then treatments are 
also quite complicated. 

Mannebaek (1951) developed a comparatively easier method of evaluating 
(he transition-moments arriving at very simple recurrence formulae these 
could he used independently to compute step-wise the overlap integrals. 11ns 
method has been successfully used by Voreyrkon (1932, 1935) 

Eater, Mannebaek and Rahman (1954) improved the earlier method of Manne- 
back (1951) by taking into account the electrical anharmomcity " _ i 
the mechanical harmonicity of the electric potentials involved in the transition. 

Interest has boan aroused among astrophysicists by the 
0 + , (first negative) hands in the spectrum of aurorae by Nreolet (1948) and W 

and Dkniaux (1950). This identification has been confirmed by Vegard (1950) 
and Uigniaux liawj. /1952) have also identified 

Dahlstrorn and Hunter (1951), Gartlem and Sherman ( 9 

the bands of 0,+ (first negative) system in the region 3 TJCstin Z I> y 
many bands could not be identified because of their inherent weakness »teus. y 

m 
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We have calculated the transition moments and hence transition probabilities 
of 0 2 + (first negative) bands using both the methods of Manneback (1951) and 
Manneback and Rahman (1954) and compared our results with thos° of Jarmin, 
Fraser and Nicholls (1955) who have calculated the ^-values on the basis of 
first; order perturbation theory, to find out how far the results evaluated by 
the easier methods agree with those of the complicated ones. 

2 SYNOPSIS OF THE METHODS USED HERE AND 
THAT OK ,1 A K M I N, ERASED AND NICHOLLS 

The transition moments for an electronic vibrational transition is given 
by Condon’s “overlap integral” 

00 

I («') ( n ") 0) 

J ijr,{r) ijr, (r) . dr 

where r means the interim cl ear distance, n' the vibrational quantum number in 
the state 1, n" the vibrational quantum number in the state 2, the transition taking 
place I— >2. The ifr'e represent the corresponding normalised vibrational eigen- 
functions The observed intensities in the vibrational spectrum are proportional 
to the square of the ovorlap-iiitcgral, to the fourth pover ol llie line frequency, 
and to the number of molecules in the initial state 

The transition probability can be defined as 

r 

*"'■ fc, .££■).*: (2) 

0 

This transition probability or p- value (as it may be called) is of interest in astio- 
physioal applications 

In the calculation of intensities of vibrational spectrum of electronic bands, 
there are two important factors which control, to a certain extent, the intensities 
predicted on the basis of a pure “Condon parabola” This parabola can be consi- 
dered to be arising from Condon s overlap -integral when 

(i) both the electronic states under consideration are taken as perfectly 
harmonic, 

(ii) the purely electronic transition probability between the excited and the 
ground state is independent of the internucloar distance. 

In the method of Fraser and Jarmin (1953) both the above mentioned factors 
(i) and (ii) have been assumed to be tacitly correct. Fraser (1954) has improved 
the method of Fraser and Jarmin (1953), based on the first order perturbation 
theory by introducing the mechanical anharmonicity of the oscillators. This 
later improved method was used by Jarmin, Eraser and Nicholls (1955) in eva- 
luating the p- values. 
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In the method of Manneback (1951) also, both the above mentioned factors 
(i) and (ri) have been assumed to be perfectly true, and he has given the following 
formulae for the computation of the C (n\ n") matrix olemonts ■ 

For the (0, 0) band he gives : 

qO, 0) - ***. (**)* ... (3) 

where 


k+ = 2(v' v")*/(v" -f- v') 

M ^ 0.172205/^(r' - r") [v‘ v"l(v'+v")]l 

For the evaluation of the other elements of the matrix, the following recurrence 
formulae are given : 

0{n’+\ t n") =r - [n'l(n' -\- l)]i k 0(n’- 1, n") 

4 [a"/ (w/ 4 1)]* k + C(n\ ri'- - 1) 

— (n' + 1)~* n ('{%', n") (4) 

0(n', n" 4- I) = 4- [»"/(h* H 1 )]-k. C(n', n" — 1) 

+ \n'j(n" 4 1)J 5 k + 0(9i ' — 1 , n") 

- 1 - (n" 4 - I ) _i b 0(n\ n”) ■ ( 5 ) 

where k — (v" - v')/(v' 4 v") 

a - M\2v n l(v' 4 01 4 

and b ■= Jf[2v'/(v' 4 v")] 4 

With the aid of the above formulae one can proceed computing successively 
lines parallel or perpendicular to the initally chosen one; in each case either of 
the formulae can be used. There is, at each step, a check of orthogonality. 
However, since this check applies strictly to an infinite series of terms, we have 
calculated the elements of the ( '(w\ «") matrix twice making use of both the for- 
mulae (4) and (5) for a check. In this particulai case of 0 2 + (first negative) transi- 
tions are such that the conditions are opposite to that of “normal cases” mentioned 
by Manneback (1951) Here r' < r", v' > v". and hence all the constants fc, a, 
and b are negative. Therefore following the method suggested by him in such 
cases by interchanging the meaning of n* and »" but keeping the formulae unaltered 
with positive *, a, and b, no difficulty was experienced in evaluating the matrix 
elements. 

In the improved method of Manneback and Rahman (1954) the purely elec- 
trical transition probability was assumed to vary linearly with the intei nuclea 
distance r, while the oscillators wore assumed to be harmonic. This aspect was 
already mentioned by Schuler (1950) that at least for low lying vibrational levels, 
the transitional probabilities do not change as much with the introduction ol a 
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mechanical anharmonicity of the vibrational potential as they do on the inclu- 
sion of a term which produces a linear variation of the purely electronic transi- 
tion probability with the internuclear distance. With the improvement the 
overlap-integral now becomes 

D(n , n ) = j ^ (r ) r . fa (r) . dr (#) 

Mannoback and Rahman (1954) have solved this integral and developed 
a simple formula as : 

D(n' , n ") = X C(n', n") + Yn'G(n' — 1, n") 4* Zn"C(n' y n" — 1) ... (7) 

where 

X = (?V + r" v")/(v' + v") 

Y 2 p* sin 2 0 

7j = 2 p" cos 2 0 

and 

// — (ft/47r 2 //V)* ; p" = (hl^7T 2 /tyf n ) i 
tan 6 = (v'/v")h 

This formula enables us to evaluate the elements of D{n' ,n") matrix when once 
wc know the values of the elements in C(n\w H ) matrix. 

3. RESUL T S AND D J S 0 U S S I O N 

The results of the C(n',n f ') and D{n\n") matrices are given in Tables I and TT 
respectively. The p-values calculated from these two methods along with those 
oi Jarmin, Fraser and Nieholls (1955) (abbreviated as J.F.N.) are given in Table III. 

It can be seen that the results of the ^-values obtained by Manne back’s 
method agree quite well with those of J.F.N, except for a few higher vibratioual 
levels. But a noticeable difference can be seen from the values calculated by 
the method of Manneback and Rahman and the other two sets. This marked 
difference in the values calculated by Manneback’s method and also the values 
of J.F.N. with those by Manneback and Rahman’s method, and the close resem- 
blance of the results by the Manneback’s method with those of J.F.N., only con- 
firms the earlier view expressed by Schuler (1950). 

Therefore, in order to ascertain the validity of the results derived theoreti- 
cally, experimental studies of determining the integrated intensities of the bands 
produced in the laboratory by the technique of photographic photometry are 
undertaken. Work in this direction is in progress, 
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TABLE 1 

C{n\ n ") 

tt m ) 


* v' ~ 1196.77 crn-1 r 

=- 1.2 7 063 A V- 

- 7 . 99086 M 

- -1.107523 

v" - 1035 r* =- 1.38126A A+ 

— 0 . 0973926 a - 

-1 . 124012 



lc 

- 0 0721530 

1.20881 

-> 

ji" 

0 

i i 

l 

} 

3 

0 

0 . 50494(1 

-0 567808 

0 425821 

0. 243028 

1 

0 610433 

— 0.1 82875 

- 0 280273 

0.441905 

2 

0 547577 

0 245407 

-0.405123 

0.015634 

3 

0.418144 

0.475858 

-0 099778 

0.367123 

*Tlie valupfi of the constants have boon taken from “Molecular Spectra and Mold 
Structure 1— Spectra of diatomic molecules" by (». Herzborp (1053). 



TABLE II 

D{n', n") 





OJ (6*2 P - -> " +i r«) 


X - 

1.326726; 1 

0.0030510; Z 

= 0. 0502 137 


-> 

n" 

In' 

| o 

■ 

| 

2 

3 

0 

0.600245 

-0.723546 

0.407607 

- 0 246789 

1 

0 842022 

-0 182465 

- 0 374308 

0.519904 

o 

0 804104 

0.335741 

- 0.544874 

0 004981 

3 

0.659324 

0 702954 

0 153386 

0 472332 


TABLE III 



p{n\ n”) 

values. 


(n\ »") 

J.F.N. 

Mannebaok’a 

method 

Manne.baok 
& Rahman’s 
method 

(0.0) 

0.268 

0.265 

0 449 

(0.1) 

0.296 

0.323 

0 . 524 

(0.2) 

0.209 

0-181 

0 248 

(0.3) 

0.119 

0 059 

0.061 
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n', n") 

Table in (Contd.) 
2>{n\ n") values 

J.F.N. Munncbaok’s 
method 

Mannebaclc 
& Rahman’s 
mothod 

(1,0) 

0.429 

0 . 373 

0.709 

(2,0) 

0 243 

0.300 

0.647 

(3,0) 

0.058 

0 175 

0.435 

(U) 

0 022 

0 033 

0 033 

(3.1) 

0.182 

0 061 

0 112 

(3,1) 

0.351 

0 226 

0 494 

(U2) 

0 043 

0 082 

0 140 

(2,2) 

0 J43 

0.164 

0.297 

(3,2) 

0 026 

0 010 

0 024 

(h3) 

0 130 

0 195 

0 270 

(2, 3) 

0 006 

0 . 000., 

0 000 

(3,3) 

0. 160 

0 135 

0 223 
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ANALYSIS OF THE NEAR ULTRAVIOLET ABSORPTION 
SPECTRA OF a-AND ^-FLUORONAPHTHALENES 

S. KAMAMTURTY, M. JAGANNADHA RAO and V. RAMAKR1SHNA 

RAO 

Pll YSJC8 J)KPVKTM>’NT ANi)HJU UnIVKUKITY, W ALTA III 
(Kecenwl for publication, December S, 1 Do6) 

Plate X1T 

AHiSTKACT. Tim iioai* u Item inlet absLipl.ion hpeeliu ol e-aiul /Mliiarouuptilliulcnch 
worn found to consist of two systems one m the repon 3100 -2000A and another in the logion 
JH0D- -2300A. Tim first systems woiu iiualyserl on llm lnism of fi\(> and fo\u lipfjoi stale funda- 
montals m a -and 0-fluoronaplil Imleues respectively and two lower skite lumlumcntnlH in 
H iliioromiphthalene. Only one u pi m*j* stale fundamental eould be found in System JF Both 
the system* coi respond to allowed transitions ol the type 1 A'- 1 A / 

1 NT H 0 I) V O T 1 ON 

While considerable work on substituted benzenes has been iu progress for 
Home tunc, work on condensed ring system, like naphthalene and its derivatives, 
is still in its very early stages. Both 'the electronic and the vibrational spectra 
of these compounds are yot to be satisfactorily explained. The electronic ab- 
sorption spectra of naphthalene have been the subject of extensive investiga- 
tion but there is controversy among various workers, from both the theoretical 
and the experimental point of view Complete references to earlier work on both 
the electronic and vibrational spectra of naphthalene can bo gathered from the 
paper by Sponor and Cooper (1055) and the papers mentioned therein. 

The near ultraviolet absorption Spectrum ol naphthalene is found to have 
two regions of discrete absorption • one m the region 3300- 2900 A, consisting of 
sharp and nanow hands and a second m the region 2900-2500 A, consisting of 
broad and diffuse bands. The long wavelength absorption has been severally 
attributed to l A lg ~- l A lg , 1 A lg and J B 2ir The first transition 

iA 1(/ — J is a symmetry forbidden type of transition, being allowed by inter- 
action with a /4, or a type of vibration. The two other possibilities are transi- 
tions of an allowed type. The second system is generally attributed to an allowed 
transition of one or other of the two types mentioned above depending on which 
we choose for the first system. It is not at this stage necessary for our work to 
specify which transition is characterized by which set of symmetry states 
m naphthalene, particularly because all the above mentioned states reduce to 
the A' type of state in the C 8 point group. 
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Some work appeals to bo available in literature on substituted naphthalenes. 
The relevant results of such investigations are summarised below. 

Ferguson et nl (1954) have investigated the infrared spectra, the ultraviolet 
absorption spectra in solution and the phosphorescence spectra of a large number 
of halogen derivatives including a and fi fluoronaphthalenes. Sidman (1956) 
published the fundamentals of fi halonaphtlialones and arrived at substantially 
different conclusions from Ferguson et al. According to Sidman, all these funda- 
mentals are derived from the a Q fundamentals in naphthalene and so must be 
totally symmetric ( a! ). Deb (1954) investigated the a. oliloro and the a bromo* 
naphthalenes. 

No work on the ultravolet absorption spectra of a and fi fluoronaphthalenes 
in the vapour state appears to have been done. The Raman spectrum of fi fluoro- 
naphthalcne also is not available in the literature. The depolarisation factors of 
the Raman lines of oc fluoronaphthalene are also not available in the literature. 
The authors have taken up these investigations and the detailed results arc 
published below. The work on a fluoronaphthalene was carried out by S. Rama- 
murty and V Ramakrishna Rao and a preliminary note has been published in the 
Journal of (Scientific and Industrial Research (1956) while that of fi fluoronaph- 
lhalene has been published by M. Jagaimadha Rao and V. Ramakrishna Rao 
(1955) 

BXPERI M R N T A L 
Ultuwiolet absorption in vapour. 

Both t he compounds are supplied by Kastman Kodak Co. a Fluoronaphthalene 
is a colourless liquid with melting point of — ]3 & C while fi fluoronaphthalene 
is a crystalline solid with a melting point of 6l°C. The specimens were distilled 
in vacuum thrice before they were used for the experimental work. 

Full details of the absorption tube and the experimental set-up for 
taking the absorption spectrum were given by Suryanarayana and Rao (1955) 
in their paper on o-chloroaniaole. Absorption path lengths of 25 and 75 cnis. 
were used As the specimens were sealed under dark space vacuum conditions 
in the absorption tube, we can expect them to be under the saturated 
vapour pressures corresponding to the temperatures of the containers. By alter- 
ing these temperatures we obtained various vapour pressures m the absorption 
columns and spectra were taken under these conditions, a Fluoronaphthalene 
was investigated in the temperature range —15° to 200°C while fi fluoronaphtha- 
lcne was investigated in the range 0° to 110°C. The higher temperature limit 
was indicated with the continuous absorption setting in all through. Hilger s 
hydrogen arc lamp was the source of the continuum. Hilger ’s quartz Littrow, 
medium quartz and small quartz were used to record the spectra with Ilford 
Special Rapid plates. Exposures of 5 to 10 minutes were given on the smaller 
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instruments while exposures of about one hour were used on the Littrow instru- 
ment The bauds were measured with reference to standard non arc lines, using 
Haitmann s dispersion formula. Each band was measured at least 8 times and 
the mean value of the wavelength was takon Wavelength data of the sharper 
bands are accurate within 0 3 A U. Diffuse bands cannot, however, be accurate 
to within less than 2 to 3 A. IT 

Experimental for liaman spectra 

Mercury 4358 radiation, filtrated through Rhodamme BUD Extra m para- 
liitrotoluene-alcohol solution, was used for exciting the Raman spectrum. The 
Raman spectrum ol ft fluoroiiaphthalcne was obtained by a (501 1 solution while 
that of a flu oron aph thalen e was obtained in a liquid condition. The depolari- 
sation factors of the Raman lines ol x fluoroiiaphthalene were determined with 
the aid of a double image prism. The actual procedure was an approximate 
one and the values obtained may be treated as only soini-quantitative 

It E 8 V L T 8 

( J Itraviolet absorpt in n 

Both the isomers gi\ e two regions of disci etc absorption like uaphth alone. 
The long wavelength region 3154 to 2943 A in x fluoroiiaphthalcne and 3154 
to 3000 A in fi lluoroiiaphthalene consists of a number of well defined bands 
with sharp edges, degraded towards the red and occurring in distinct groups. 
Each group consists of 3 to (i bands in a fluoroiiaphthalene the most intense 
group appears to be at 3130 A Tn fi fliiorunaphthalene the corresponding group 
is at 3143 A. The hands resemble, in their appearance and region, very closely 
those of naphthalene (3300- 2900 A). Afso their appearance is quite distinct 
from the Viands of the shorter wavelength region and lienee wo might refer to 
iliosc long wavelength bands as System 1 hereafter 

System II in x fluoronaphthnlene consists ol 1 1 very broad and diffuse bands 
in the region 2838-259SA, while in fi fluoroiiaphthalcne the corresponding 
system consists of only fi similar bands in the region 2770— 2030 A The corres- 
ponding system in naphthalene is m the region 2900—2500 A 

At room temperatures, System 11 appears with maximum clarity while 
only a fow bands are recorded in System \ , primarily those on its longer w r aveleiigtli 
sides. As the temperatures is increased, System 11 is lost in continuous absorp- 
tion while System 1 develops on the shorter wavelength side The maximum 
number of bands are recorded in System I at 70°C in fi fluoronaphthalono and at 
75° C in a fluoronaplithaleno. At still higher temperatures, continuous absorption 
moves towards longer w r avelongth side while some additional and weak bands 
develop 0 n the long wavelength side. At about 110°C there is complete absorption 
of System ] in fi fluovonaphthalene with the corresponding phenomenon taking 
2 
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place at 140°C in a fluoronaphthalone. At lower temperatures, ranging between 
the room tomperature and — 15°C, the second system becomes more hazy, with 
the bands showing no improvement in their definition. 


TABLE I 

Absorption bands of a-fluoronaphthalone 
System T 


lit 

1 

Wh ve- 
mimber 
(fm-0 

Assignment 

Int. 

Wave- 
numbc'i 
(om-i ) 

Assignment 

2 

3 

4 

* 

6 


31686 



32778 

0 1046 -149 


31723 

0 = 149 


32818 

0 : 1016 109 

2(1 

31703 

0-- 109 


32852 

O , 1046-73 

8 

31799 

<)« 73 


32883 

0 ■ 1046-36 

8 

31830 

O 36 


329 IS 

0 ! 1046 

7 

3 J 872 

(0, O) 


33158 

0 ; 2 X 673 — *73 






0 i 1435 - 149 


32087 






32 1 30 

0 | 409- 149 

7 

33189 

0 , 2x673- 36 

1 

32174 

0 - 109- 109 



0 | M 35 -109 




(i 

33236 

0 2 x 673 

2 

32210 

0 , 409 73 



0 j 1435 73 

:i 

32217 

O ' 409-36 

6 

33269 

Of 1435-36 

\ 

32281 

0- 409 

4 

33307 

0 ! 1435 

2 

32333 



33340 

O 673 838 - 36 

5 

32371 



33377 

0 ! 673 ' 838 

0 

32434 

0 j 673 - 109 


33415 


r, 

32470 

0 r 673 73 


33447 


r. 

32507 

0-| 673-36 


33487 


“* 

32545 

0 | 673 


33638 

0 J J 435 r-409 - 73 


32504 

0 } 838 149 


33678 

0 ! 1435 ' 409 -36 


3200 1 

0 i 838-109 

1 

33709 

() | 1435 | 409 


32625 

0 f HUS- 73 

1 

33856 

0 [-3x673 - 36 


32072 

0 ; 838-36 

2 

33899 

0-j 3x673 

j 

32710 

0-838 

2 

33937 

0+I435~| 673-36 


32747 


1 

33975 

0+1435 1 673 
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TABLE II 

Absorption bands of /J-fluoronaphtbalene 
(System 1) 


Wave- 


lilt 

numlmj 
r (cm ^ ) 

Ahhij^p moil t 

~ 


— — 


2 

3 







1 

31030 

0 - 774 

(1 

31245 


2 

3 1 282 

0 -522 

1 

31630 

0 - 2 > 82 

2 

31683 

0- 2 ^ 62 

- 

31603 

0 2 <54 

2 

3 1 70 1 

0- 62-11 

- 

31 7 11 

9—5 1 4 1 

3 

3 1 722 

9 522 4 46 

1 

3 1 742 

0 -774 J 710 
or 

0 41 - 22 

3 

31750 

0-41 - 13 

3 

31763 

0 — 41 

3 

31782 

0- 22 

1 

31791 

0-13 

0 

3 1 804 

0.0 

2 

31818 


0 

32173 

o ; 446 82 ! 

0 

32105 

6 1 446 -54 

J 

32210 

0 | 446 -41 

1 

32230 

0 i 446 -2> 

3 

32250 

0 1 446 1 

i 

32282 

! 

i) 

32353 

0 1-710 2 ^ 82 

» 

32402 

0 ( 710 -2 > 54 I 

» 

32435 

6 i 710 - 82 : 

) 

32453 

0 ' 710-62 

- 

32462 

0 . 710-54 

! 

32474 

0 |- 710 - 41 

’ 

32485 

0 | 710 29 


32405 

0 1 710 -22 j 

» 

32505 

0 1-710-13 


325 I 4 
32533 
32578 
32578 

0 ' 710 ; 

l 

l 


32622 

0 1- 972-2 x 82 


3268(1 

0 t 972- 54-41 


32697 

0 |-972 - 82 

Or 

0 j 2x446 


32727 

0 j 972 - 54 


32736 

0 1-972 -4] 


— . — - 

— — - 



Wavo- 


Int 

liuiubdi 

AHhiguincnl 



v fcni-i) 


4 

5 

6 

1 

32748 

« 1 972 -29 

- 

32758 

0 ! 972 — 2 » 

4 

32776 

9 ; 072 

0 

32796 


1 

32845 

0 i 446 | 710-2x6 

0 

32883 

9 f 466 | 710-82 

1 

32064 

9 ! 446 -i 7 10 or 



0 , 710 ' 972- 52 > 

0 

33166 

0 1 2 x 710 -62 or" 


0 f *14 (i I 972 - 62 or 
9 1 1441- 82 


0 
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9 |-2x 710-54 oi 
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9-| 1441 -62 

5 
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9 j 446 + 972 -41 or 
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33206 
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0 J 1441-41 

8 
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0 1 2x 710 oi 
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o 

2 

0 
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0 ( 1441 

0 

33373 
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0 1-710 1 072- 82 or 
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t 
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1 

3 
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33919 
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1 

0 
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0 

0 
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Figures 1 and 2 (Plate XII) represent the two systems in a and /? 
fluoronaphthalenes along with their microphotomeler curves. Tables I and IT 
give the wavenumber data of Systems I in a and fi fluoronaphthalenes. 
Tables Til and TV give the same data for Systems II. 
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Kir. 1(a). Absorption spectrum of A-ftuoronuphthalnnc. System I . 

TABLE ITT TABLE IV 

Absorption bands of a-fluoronaph- Absorption bands of /y-fluorouaph- 


thalene. 
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10 
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PLATE XII 



Fig. ■]. Dcpolai isation picture ol thi Raman spt < irum ol n-lluoronaplithal< m . 



Fig ] Raman spt drum of /f-lluorniuplithdlrnr 
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Hamm Spectrum, 

On comparison with the earlier work on Hainan frequencies by Luther 
(1948) we find satisfactory agreement with our values for a fluoroiiaphthalene. 
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Our semi- quantitative deploarisation factors for some of the Raman lines are given 
in the column 1 of the assignment Table V. Figure 3 gives the depolarisation 
picture of a -liuoro -naphthalene 

/?-Fluoronaplithalene in CC1 4 solution gave only six Raman lines which are 
shown in figure 4. The frequency shifts are marked in the figure. Their values 
are tabulated in Table V and used for correlation of fundamentals 



Fjg. 2(b). .Absorption spectrum of 0 -flunronu.|ihthftlon System II 
A NALYBIK 

Both the isomers belong to the point group C s (C\/,) derived on a monosubsti- 
tution in naphthalene (point group V /,) . The character table for (\ is given 
below : 


< 7 . E *k 

A' 1 L T r T y R* 

A" 1 — 1 T z R x R y 

There are only two types of electronic wavefunctions and modes of vibration 
A' and A", the former totally symmetric and the latter antisymmetric with 
respect to reflection in the plane of the molecule (xy). The electronic transitions 
whether A' -A', A'— A" or A"— A" are all of an allowed type. From the corres- 
pondence of the regions of absorption and the appearance of the bands, we can 
say that Systems T in both the isomers correspond to the largest wavelength 
transition in naphthalene. Whatever might he the exact assignment of this 
transition in naphthalene, all the suggested states reduce themselves to the A 
type in the point group C H . So, the Systems I in the monosubstituted naphtha- 
lenes must be due to allowed transitions of the type l A'— 1 A'. 
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Of the 48 independent modes of vibration, 33 would be totally symmetric 1 , 
of the a type The other L5 would be of the a" type, constituting out *of-p lane 
bending modes. Tn the Hainan spectrum, therefore, the frequencies correspond- 
ing to the a ' vibrations would be polarized [p < 0.8). 

In the electronic absorption spectrum we expect for an allowed transition 
the (0,0) band to be either the strongest, or one of the strongest bands. Most of 
the strong bands in the spoctrum would form a long series conforming to the 
Franck- Condon principle and belong to the totally symmetric vibrations, their 
overtones and their combinations. Non -totally symmetrical vibrations do not 
generally occur as fundamentals but their even overtones and l heir difference 
frequencies may appear with appreciable intensity 

The Systems 11 also definitely correspond to the short wavelength system in 
naphthalene m region 2900—2500 A, Here also the controversy about this transi- 
tion m naphthalene does not affect our present < onsiderations and the Systems 
11 may be taken as due to an allowed transition of the type X A'- J A\ 

Where the Raman data are available with depot aiization factors, the ldonti- 
tioation of the totally symmetric vibrations is rendered easy as they arc polarized. 
However, there is one drawback in the case of Raman lines with doubtful or 
marginal depolarisation factors The probability of their being polarized or 
depolarized within experimental error is just t lie same It is also a general ex- 
perience that the totally symmetric vibrations among the Raman lines are also 
frequently the strongest H appears that an analysis of the ultraviolet spectrum 
is more reliable in delerinmmg the totally symmetric vibrations than some doubt- 
ful depolarization data. Thus the depolarization data is only of a confirmatory 
nature, when available. 

System 1. 

►Spectra taken at the lowest- teniparatures resulting in the minimum number 
of bands in System I help picking out, the (0. 0) band. As the transition is of an 
allowed type, the largest wavelength hand consistent with the greatest intensity 
is chosen as the (0, 0) band. In a fluoronaphthalene it is 31872 cm 1 and in ft 
fiuoronaphthaleno it is 31804 cm -1 , thus showing a shift of 68 enr 1 to the red 
with respect to the a fluoronaphthalene. Frequency shifts of 446, 710, 
972, 1160. 1422, 1684, 1684. 2135, 2842 enr 1 are obtained with strong 

and medium strong hands in ft iliioronaphthalone. In a lluoronaphthaleiie 
similar intervals 409, 673, 838, 1064. 1435 and 2103 cm 1 are found. Some 
of these would be totally symmetric fundamentals m the upper stale while the 
others may be their overtones and combinations. Tn cl fluoronaphthalene 409, 
673, 838, 1046 and 1435 cm" 1 are taken as fundamentals, while the correspondmg 
values iu ft fluoronaphthalene are 446, 710, 972, 1441 cm -1 . We find all the funda- 
mentals in a fluoronaphthalene have smaller values than t hose in ft fluoroiiaphtha- 
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ist- =j medium strong, st = strong, p = polarized. All frequencies are in cm~V 
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lone. The additional fundamental 1046 cun 1 in a fluoronaphthalene has no 
counter part in f i fluoronaphthalene. In a fluoronaphthalene itself this funda- 
mental is very weak and has to be taken as such for want of any other interpre- 
tation. All the other prominent bands could be interpreted in a and /I fluoro- 
naphthalenes in terms of these fundametuals. Tf we accept the (0, 0) band of 
System I in naphthalone to be 32080 cm -1 then the a and /? fluoronaphthalenes 
have thoir (0, 0) bands shifted by 208 and 276 cm -1 to the red side, 

System II. 

System II in ft fluoronaphthalene consists of about 6 bands, five of which have 
a mean separation of 464 cm" 1 (Sec Table TV & figure 2b). In a fluoronaplithalone 
there are about 11 bands, some of which show a mean separation of 461 cm' 1 . 
A few other frequency shifts, like 1376 cm 1 may correspond to additional upper 
state fundamentals. If we take the longest wavelength bands in these systems 
as the (0, 0) band, we find m a fluoronaphthalene a shift of 828 enr 1 to the red of 
fj fluoronaphthalene. Thus the shifts ol the (0,0) band between the isomers 
appear to be in opposite directions in Systems I and II. In naphthalene itself 
the (0,0) band for this system has been suggested by fSponcr and Cooper (1956) 
to bo at 35010 cnr 1 . We thus find, with respect to naphthalene, a rod shift ot 
688 cm -1 in a fluoronaphthalene and a violet shift of 140 cm -1 m ft fluoronaph- 
^haleiie. 

The fundamentals observed in both the systems are correlated with Kamau 
data and presented in Table V. A discussion of these fundamentals is presented 
below. 


D I S CUSHION 

The fundamentals from various sources, Hainan spectra, infra red spectra 
and ultraviolet absorption spectra in vapour and solution for lower and upper 
states, are given for both the isomers 1.1 the Table V. We find that the upper 
stato fundamentals of a fluoronaphthalene are always less than the correspond- 
ing ones in ft fluoronaphthalene We have not been able to obtain the ground 
state frequencies of a fluoronaphthalene m ultraviolet absorption but in ft fluoro- 
naphthalene 2 such ground state fundamentals could be found. They are m2 
and 774 cm- 1 . Of these the r>22 cm" 1 frequency agrees with the Kanmn line 
514 cm- 1 . Correspondingly in the upper state there is a frequency 4«5cm 
which is able to explain about 14 bands and occurring with medium intensity. 
It occurs in combination with other upper state frequencies 710. ,VU Qni etc 
it is seen from the analysis of System 11 that a mean value of 464 cm the 
frequency difference between successive, bands. This is oi the 
magnitude as the value of the fundamental in System and may - 

respond to the same mode of vibration in the two afferent excited electronic 

3 
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states. Except for one weak band in System IT, all others are explained in torms 
of this frequency shift. Tn a-fiuoronaphthalene similar upper state fundamentals 
from the first and second systems are 409 and 461 cm -1 respectively. In System 
I, the 409 enr 1 fundamental is a medium intensity band explaining 8 bands and 
combining with the fundamental 1335 cm” 1 The value 461 cm” 1 in System II 
is the moan value of the differences between the extreme bands of 3 groups as 
indicated in Tabic ITT The corresponding ground state frequency may be 526 
cm 1 which is a medium strong and polarized Raman line Similar frequencies 
are found in ft methyl, 2, 6 dimethyl, a chloro, a bromo naphthalenes with values 
425, 485, 508 and 496 cm -1 respectively. Thus the above set of frequencies 
may represent a common mode of vibration of the a! type in the various states 
for the two isomers. In Table V the above frequencies are given in mutual! 
correspondence along with the value obtained from infrared and solution work \ 
of Ferguson (1954). 

Another pair of fundamentals in ft fiuoronaphthalene appears to be 774 
cm" 1 in the ground state and 710 cm 1 in the excited state. The band representing 
710 cm” 1 appears to be the most intense of all the fundamentals. (The highei 
intensity of 1422 cm -1 group will be discussed at a later stage.). This pair of 
frequencies explains about 30 bands The corresponding Raman lino was not 
found. But Ferguson records an infrared band at 738 cm 1 . In a fluoronaph- 
thalene the corresponding fundamental seems to be 673 cm 1 which is represented 
by a very prominent band in the spectrum It explains about 12 bands, occur- 
ring also in overtones. The corresponding Raman line is strong and polarized 
703 cm" 1 . In ft methyl and 2, 6 dimethyJnaphthaJenos the corresponding fre- 
quencies are 711 and 706 cm” 1 respectively. In the halogen substitutions these 
vibrations were not found. These frequencies may possibly represent the at! 
type of vibration in the two isomers. 

Another upper state fundamental m /Mluoronaphthalene is 972 enr 1 , slightly 
more intense than 446 cm” 1 and much less intense than 710 cm” 1 . The cor- 
responding ground state frequency has not been found. In a fiuoronaphthalene 
this fundamental appears to be given by the weak band 838 onr 1 . This is not. 
very prominent in a fiuoronaphthalene. The ground state frequencies could 
not he identified with certainty. There are a number of fundamentals in the 
region 870—1173 cm -1 obtained in various sources, like the Raman and infrared 
spectra, which may possibly contain the corresponding ground state frequencies. 

In a-fluoronaphthalene a fundamental 1046 cm" 1 in tho excited state is found. 
A corresponding fundamental is not. found in /^-fiuoronaphthalene. In the 
sepetruin the band corresponding to this fundamental is very inconspicuous, 
but this and its associates can not be interpreted in any other manner. The 
justification for this is found from Ferguson’s data where we find a frequency 
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shift 1060 cm- 1 . The possible ground state value is 1077 cm-' represented by a 
medium strong and polarized Raman line. 

We now take up the fundamental 1435 cm- 1 in the upper Hate for a fluoro- 
liaphthalene for which the ground stato frequency may he 1446 cm" 1 (strong 
and polarized Raman line). This is easily the strongest fundamental in the 
spectrum, as may be seen from the microphotometer curve (figure la). It is also 
conspicuous in the analysis combining with the fundamentals 40fi and 673 cm" 1 
and explains in all 8 bauds The corresponding ground state frequency may be 
1443 cm' 1 (strong and polarized Raman line). In ft fluoronaphthaleno the cor- 
responding frequency 1441 cm 1 is represented actually by a weak band accom- 
panying a ver y strong group of bands at 1422 cm- 1 . The choice of t his fundamen- 
tal is forced on us by a lack of interpretation of this band. Besides, the hand 
1422 cm 1 is an overtone of the fundamental 710 cm -1 and has an intensity greater 
than any other band excepting those in the (0, 0) group, In fact the intensity of 
this group of bands is an anamoly that has to be explained The 1422 cm' 1 
band can also be a combination band 0 1-972-f 446 — 1418 cm- 1 . This double 
assignment may probably account for part of the high intensity of the band 
Still another factor may possibly contribute to the abnormal intensity of this 
hand. Wo find in naphthalene, and its x-chloro, a-bvomo, /I-met-hyl, and 2, 6 
methyl substitutions, upper state fundamentals of about 1400 enr 1 Tf inspitc 
of the low intensity of the band 1441 cm J wo take it as a fundamental, we might 
expect Fermi resonance between this and 2x710 cm 1 It is possible in the pro- 
cess that part of the intensity of the fundamental is stolen by the overtone. This 
explains not only the low intensity of 1441 cm -1 hut also the abnormally high 
intensity of 1422 cm already given a double assignment. As the unperturbed 
value of 1441 cm -1 is not definitely known, we cannot locate its overtones and 
combinations, The absence of any such phenomena in the case of a-ltuoro- 
naphthalcno lias enabled us to identify the frequency 1435 cm -1 and thus confirm 
the above views in case of //-fliioroiiaphthalene. Its ground state frequency 
m /7-fluof ona phthaleue may be given by the Raman line 1473 enr 1 . The above 
values may therefore be a totally symmetric mode of vibration, possibly occur - 
m g in the ring itsell as wo do not find much variation in the value of the frequen- 
cies with various substitutions. 

We are now finally left with the low frequency bands lying to the long wave- 
length side of the main bands with shifts between 13 and 150 cm 1 in a and ft- 
fluoronaphthalenes . Some of theso low frequencies al B o occur in their combina- 
tions and overtones. The intensity of some of these bands indicates very high 
Boltzmann factors which can be associated only with low frequencies. Thus 
they may be due to difference frequencies (i»' f v") transitions of several low lying 
vibrational levels of a non-totally symmetrical character. 
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ABSTRACT. Tho nature of p-p Himilei’ino; is studied with n, phonomonologicnl potential 
of tho form ( r ( i>. r ( 2), (o- (i) . V) (u (2) . V) c _Ar A’ z - 

I TNT HO D [I PT 10 N 

The experimental results on p- p scattering at high energies indicate that the 
differential cross section is almost isotiopic hot ween 15" and 90" and its value 
is 4.5 mb/std. {rf dhamhcrlam and Wiegand, 1950). 

The expression for the nuclear interaction, as derived from the psendosealar 
meson field theory, consists of two parts . the central and the tensor potentials. 
The differential scattering cross section due to the central pait depends strongly 
on the angle, whereas the same due to the tensor part does not change much with 
angle as pointed out by 0. ( - Banerjee (1953 & 1954) and Basil (1954) 

Further, T\ Banerjee (1953) has shown how the terms with different orders 
of singularity in the tensoi part contribute to the scattering cross section. He 
has found that the differential cross section obtained from lorm containing 1/r 3 
singularity decreases very slightly with angle and the isotropy so obtained is 
better than that duo to any other potential. 

We now* propose to take a phenomenological potential of the form (r n) . t ( 2) ) 
(cr (11 . y)(rr ( - ) . \)e~ x ' jr 1 . The central part of this interaction gives infinite scat- 
tering cross section , and so we consider the tensor part alone and sec whether 
the introduction of higher singularity gives more isotropic scattering than the 
ordinary pseudoscalar tensor term. The calculation with pseudo, scalar tensor 
part has already been done by C. 0. Banerjee, (1954). 

2. THE INTER ACTION 
The derivative coupling of the potential U(r) is given by 

( T «V»)(<r«> . y)K'> . v)C(r) = 1/3 (t<» t<*>) [(o ’- 11 . <r< 2 ’) ( ^ + 2/r ) 
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where 

If we choose U{r) — — l/47r[(//y) 2 e* r / r2 ]> and consider only the tensor part, the 
interaction assumes the following form 

= “l/3(/ a /47r)(r (1) . r (2) ) ^ 12 (I+5/^+8/x' 2 ^)e"‘ x 7 r2 ■■■ (2.1) 

Wc shall drop (r (1) . r (2) ) subsequently, because in the charge-symmetric proton 
state its value will be 1. 

3. CALCULATION OF THE DIFFERENTIAL CROSS SECTION: 

Since the operator S 12 representing the tensor force between the nucleons \ 
gives zero value when applied to any singlet spin-function, we need consider only 
the triplet scattering. In the relative coordinate system, the wave-function 
representing the initial incident proton beam will be of the form 

^«r = e i *““- r - (31) 

m -l 
S 

where Xm s are the normalised spin functions and r/ Ws ’s are the corresponding 
amplitudes. In an uupolarised beam, three possible orientations ( m 8 — 1,0, -1) 

of the total spin are equally probable, so that averaging over the phases of ampli- 
tudes we get 

Chn g Chn 9 ' — l/3(&n„w,') ■■■ (3-2) 

The Born’s approximation gives a simple expression for the asymptotic 
scattered wave namely, 

1>.raU~-e*'lr( J_ 2 ) J " V r f,nc ... (3.3) 

Substituting (3.1) into (3.3) we obtain 

$ soatt = e ikT l r Xm 8 ' &m a 'm a a nt 8 

mg' m s 

whore 

} e-ikx' n e»* n dr’ ... (3.5) 
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In (3.5), F w# /. mi ’s are given by 

Vr X ni g — Xm s ' ( 3 . 6 ) 

Wl*' 

Substituting V ,< from (2.1) into (3.6), we can easily calculate the matrix elements 
Vm s 'm 8 'a; these elements have already been tabulated by Ashkin and Wu (1948), 
Burhop and Yadav (1949) and C. C. Banerjee (1954). For a particular element 
m 8 = 1 , m 8 — 1 we can write 

V n = (3 coH*f-l)WV) 

where W{r') denotes the radial part m V Therefore, from the equation (3.5) 

flS JT 2rr 

tt u =- JL ff j e ,lr ™ i(3 CI>8 S |— l)W'(r')/V.r' sin ^dfi. ... (3.7) 

0 o n 

The integration of the above loads to 


«n 


10 A' ,/ » _ 2tfiin9/2 

\ 4nh z l L3y 43b* sin 2 0/2 ~ \ k sin 0/2 y 2 



The off-diagonal elements vanish because of the ^-integration. 

Now, to find the scattering cross section per unit solid-angle, we take the 
square of modulus of the scattered amplitude in (3.4) and average over the phases 
of three amplitudes. Making use of (3.2) we obtain for the scattering cross section 


,7(0) = 1/4 2 S | .Vs*', 1 4 

ni' in' 


(3.10) 
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Making use of the table (3.9), and utilising the symmetry property of the 
total wave in notion the cross section ultimately becomes 
<r{0) - 3/2 1 1 S(0) 1 2 H 1 8{i t~0) | 2 H ■ | S(0) | | S{n-0) | j 

2/MJ- \ i ( 10 _ x , ( 3 2 k sin 0 / 2 , W _ \ 

sUtt^/LISa' 4** sin *0/2 \ h sin 0/2 f 4P sin 3 0/2/ 

, J 10 - A' i / 3 2<: cos ft/2 , S* 2 \ 

^ l ,‘Jy 4F cos 2 69/2 ^ \ k cos 61/2 y 2 4F cos 3 (9/2 / 


10 x , / 3 2fr sin 0/2, 3,\' 2 l | 

,3a 4ifc 2 mil* 0/2 + \ /c Bin 0/2 ’ A' 4 1 ■IPsm 2 0/2 / 

tan- ( 2 *»^)}x 

10 _A l| _3 _ _ 2/: cos 0/2 , _ 3 a* _ \ » 

,3a 4£ 2 ens 2 0/2 + W- cos 0/2 A' 4 4P cos 2 0/2 I 

tan ->( 2fc -°^ 3 )}] ... ( 3 . 11 ) 


■ 
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In our calculations, we have taken the value of /»/fc c = .7 (cf. Fox et al 1950). 
The numerical values of the differential cross section from the equation (3.11) 
for 340 Mev are given in Table 1 and figure 1 gives a comparison of the theoreti- 
cal results with experiment. 


TABLE I 


Angles in 
degrees 

m 

mb/std 

20° 

8.50 

30° 

6.12 

40° 

4.52 

50° 

4.03 

00* 

3 75 

70° 

3.60 

80° 

3.52 

90° 

3 49 


Dl 8 HUSSION 

The value for the differential cross section as calculated from equation 
(3.11) slowly decreases with angles, whereas C. C. Banorjee (1954) has shown 
that the same expression for the tensor part of the pseucloscalar meson field shows 
slight increase. The differential cross section with the interaction of P Banerjoe 
(1953) decreases with increasing angle at a rate slower than that obtained by 
us. In conclusion it may be mentioned that the scattering due to the present 
potential with higher singularities is less isotropic than that due to the pseudoscalar 
tensor potential. 
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ABSTRACT. The object- of this paper is t-o discusR the solar tidal effects in the F , 
region of the ionosphere over Delhi Ionospheric data collected at Delhi ever the period 
1940-1955 havo been analysed for those effects. The method developed by Martyn and 
extended by Mitra has been utilised for the purpose. The magnitude and phase of the drif]t 
velocities for the different, season s and the rotative importance of the drift velocity aiii 
determined While the seasonal velocities have been found to be of the eider ot 20, 18 and 
99 km, s/hr for summer, winter and equinox months, the iat-io of the seasonal to semi -diurnal \ 
velocity has been obtained to bo of the order of 1.5 TIuh agrees well with the mailt' 
obtained by Martyn. 

Tlio observed variations in JS/ rH have been explained in t-eims of the phases of the dull 
velocities. The values of the attachment coefficient for the three seasons of the year have 
also been determined taking the tidal effects into consideration These arc found to agree 
fairly well with the recent results of Rutchffe and others 

I. INTRODUCTION 

11 is now well established that solar semi-diurnal components of tidal origin 
influence the structure of the F a region of the ionosphere (Martyn, 1947-1948 , 
Mitra, 1951 ; Weiss 1953a, b). The objec t of this paper is to deduce the charac- 
teristics of these tidal components for Delhi (28°35'N, 77°5'E, 42°.44N magnetic 
dip) from the ionospheric data over this station collected during the period 1946- 
1955. The following parameters are desired to be determined : 

(i) The magnitude and phase of the solar tidal drift velocity. 

(ii) The separation of the semi-diurnal and seasonal components of the drift 
velocity and determination of the relative importance of the two. 

(lii) Vertical distortion of the F 2 layer due to the drift. 

(iv) Calculation of the attachment coefficient taking into account the 
effect due to the tide. 

2. ANALYSIS OF DATA: EVIDENCE OF TIDAL EFFECT: 

The basic equation is 1 




•Communicated hy Mr. S N. Mitra. 
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where / is the ion production term, 

a, the recombination coefficient, 

N, the electron density, 

and v the resultant drift velocity measured vertically upwards (Z). 

This can also be written as 

-Sr -'-/«* + £(*.) ■■■ (»> 

where /? is the attachment coefficient. 

Martyn in his treatment has neglected both the ion production and recombi- 
nation terms. Mitra (1951) has extended the analysis by taking into account 
the recombination term. The latter analysis has been followed in the present 
paper. It may, however, be mentioned that, while Mitra and others treat the 
subject in terms of recombination, the present analysis uses attachment through- 
out instoad of recombination; for it has been shown roeently by Ratcliffe and others 
(1956), that the behaviour of the F, layer of the ionospheie appears to be more 
consistent if attachment, rather than recombination, is considered. 

Hourly values of the ionospheric parameters / 0 F 2 and hp F 2 recorded at Delhi 
over the years 1946 to 1955 are used in this analysis which reveals the following 
effects: 



TlMF- lmt 

f.g 1 Average diurnal variation of A/- F, lor Delhi (1945 1956) 
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Diurnal variation of hpF 2 for all the seasons of the year indicates a 12-hourly 
periodicity with one maximum near noon and another near midnight, as shown in 
figure 1 . 

(a) It will be noticed from figure 1, that the semi-diurnal variations are dif- 
ferent for the different seasons. The amplitudes are higher in summer than in 
winter and the phase also varies. A more rigorous and quantitative study of 
the semi-diurnal oscillation is afforded by its harmonic analysis. Table I shows 
the results of this analysis giving the first three harmonics where the amplitudes 
are represented by A v A 2 and A 3 in km and the times of maximum by T lf T 2 , r J\ 
in local time. 

Table I shows the results of harmonic analysis of the diurnal variation of 
hpF 2 at Delhi for different months : ! 

TABLE I 



A } 

A 2 

A ;l 

T 

H- 

i 

M 

H 

T ., 

-M 

H- 

-M 

Jan. 

10.28 

18 03 

5.37 

14 

04 

01 

20 

04 

28 

Fab. 

9.16 

16.34 

3.89 

17 

46 

01 

30 

04 

26 

Mar. 

5.17 

17.58 

1.77 

15 

40 

01 

08 

01 

08 

April 

13 16 

19.40 

6 99 

13 

16 

00 

34 

04 

00 

May 

12.20 

19 34 

4.58 

12 

00 

23 

56 

03 

00 

Juno 

10.67 

20.88 

1 18 

08 

08 

00 

24 

02 

52 

July 

10.76 

24.72 

5 12 

06 

16 

00 

00 

00 

52 

August 

5 . 64 

22 72 

6.77 

14 

32 

00 

08 

03 

40 

Sopt. 

10.60 

20 22 

7.84 

15 

32 

00 

28 

02 

56 

Oct. 

9 05 

18 95 

4.63 

15 

00 

00 

40 

02 

56 

Nov, 

9.85 

14.99 

3.82 

10 

44 

01 

08 

02 

52 

Doc. 

13.20 

17.16 

4,12 

14 

25 

01 

40 

04 

08 


It will be observed from the above table that the amplitude of the semi-diur- 
nal component (A 2 ) is considerably and consistently larger than the diurnal one 

(A)- 

At Delhi, the times of maxima for hpF 2 are near local noon and local mid- 
night. There is, however, a small seasonal variation in the time of maximum, 
noticeable in figure 1 and given in detail in Table II. In summer, the noon time 
maximum tends to occur round about 12.00 hours local time; in winter, it occurs 
about an hour and a half after noon. However, a difference of about 12 hours 
is generally maintained throughout the year between the midday and midnighl 
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maxima, as is seen from the last column iri the Table TT. This is m further sup- 
port of the semi-diurnal tidal effect. 

Table II shows the times of maxima for hpF 2 for different months. 

TABLE II 


DifTaronei 

Local tnno of midday Local t .11110 oi mu l- in hours 
maximum night maximum between 


Mouth 

From 

analysis 

From 

observed 

data 

From 

analysis 

— tlsn two 

Prom maxima 

observed (observed) 
data 

January 

1 3-20 

13 00 

01-20 

01-00 

1 2-00 

Fob 

13-30 

14 00 

01-30 

01-00 

1 3-00 

March 

13-08 

1 3- 30 

01-08 

01-00 

1 2-30 

April 

12-34 

12-00 

00-34 

00-00 

12-00 

May 

1 1-16 

12-00 

23-50 

23-30 

12-30 

.1 uno 

1 2-24 

12-30 

00-24 

00-3(1 

1 2-00 

July 

1 2 -00 

12 -00 

00-00 

00-00 

12-00 

August 

12-08 

J 2-00 

00-08 

00-00 

12-00 

Sept. 

12-28 

13 -00 

00-28 

00-00 

1 3-00 

Oct. 

12-40 

13-00 

00-40 

00-00 

13-00 

Nov. 

13-08 

1 3-00 

01 -08 

00-30 

12-30 

Doc. 

13-40 

13-00 

01 -40 

00 30 

13-00 


(bj The critical frequency (,/„F 2 ) data is next examined for the evidence of 
semi-diurnal harmonic components. The solar diurnal variation, which over- 
shadows the tidal effect in day time, is removed in the usual way by takmg the 
difference in the/ 0 F s valuos at Delhi and at another station for which the cos % 
variations are not much different but where tidal effects may be expected to differ. 
The places so clioson arc Calcutta (22°38’N, 88“21'E), Ahmedabad (23°2'N, 72°38'E) 
and Kodaikaual (10°14'N, 77°28'E). For the Dclhi-Oalcutta pair, the data 
cover the period 1950 to 1954, for Delhi-Ahmedabad 1953 to 1955, whilo for the 
Delhi-Kodaikanal the data cover a ponod of six months from .September, 195. , 
to February, 1956. Figure 2 shows the dinrual variation of the difference 
m the /„ F b values for all the three pairs of stations. It is clear from this gure 
that there is a large semi-diurnal harmonic which is indicative of the tidal effects. 
Results of the harmonic analysis of the diurnal variation m the difference > /£, 
values are shown in Table III. It will be noticed that the amplitude of t is 
semi-diurnal variation is larger for larger difference in latatudes. 



620 


C. S. Raghavendra Rao 



Fig. 2. Difference between mean hourly values of f 0 F 2 at Delhi and other stations 


Table III shows the amplitude and phase of j^F* differences. 
TABLE III 


Difference Amplitude Tune of max. 
Station in geomag fMc/s) after local 

Lat.. midnight 

h in 


Delhi-Ahmedabad. 

5 1° 

0.34 

08 

00 

Dollii-Calcufcta 

6.3° 

0.60 

00 

40 

Delhi-Kodaikaual 

18. r 

1 20 

01 

30 


(c) In addition to the semi-diurnal effects described above, there is a seasonal 
semi-diurnal harmonic component evident from the following results. 

(i) The time of occurrence of maximum hp F a for all the months of the year 
shows a seasonal variation (Table II) which can be explained only by the exis- 
tence of a seasonal tidal effect. 

(ii) The difference between the average diurnal variation for the period 
7th March to 22nd March 1955 and the same for the succeeding fortnight shows 
a considerable change in the semi-diurnal harmonic during this period (figure 3). 

(iii) There is a change in the phase of the difference in / 0 F 2 values for the 
pairs of stations considered in section 2(b). Figure 4 illustrates this for the Cal- 
cutta-Delhi pair for the different seasons of the year. 
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l r ig. 3. Difference botwoen average diurnal variation of/ 0 F 3 at Delhi for 7th to 
21st. March, 1955 and the same quantity lor 22nd March to 5th 
April, 1965. 



I DELHI - 4HMI 
It DELHI - CALCUTTA 
ID DELHI - HODAI KAUAL 

Fig. 4. Difference between mean hourly values of j 0 F 2 foi' Delhi Calcutta 
for the N, S and E stations. 


3 DETERMINATION OF THE AMPLITUDE AND PHASE OK 
T(H E TIDAL DRIFT OVER DELHI 

(a) Having obtained clear evidence about tho existence of semi-diurnal 
and seasonal tidal effects from analysis of the data, the magnitudes of the tidal 
velocities that produce these effects during different seasons are determined m 
the following way : 
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Assuming a continuity equation of the type 


ON 

~dt 


= - fiN+ | (Nv) 


( 2 ) 


where v is the resultant drift velocity measured positively upwards, and denoting 
the semi-diurnal and seasonal velocities by v 1 and v 2 respectively, where 

v i ~ u io e ~ v '* si* 1 (*»t+crz) ... (3) 

v t = e~ v ' z sin ... (4) 

Mitra (1951) has shown that the resultant velocity can be represented by 

v = v Q (T y,t »in x ... (5) 

where x — (tuJ-f mz-j-tf) 


and 


tan 8 = - ^io Bin ( AH 
^io+^o cob 


( 0 ) 


The attachment coefficient and the value of v Q in equation (5) can be determined 
from the following expression 

/?= 9.3X10-“ log /_£> ) (7) 

\J VH 180 °/ 


G 


Av «e- y '° - log 


1 % 


■ J ¥41 80° 

/ o ’ 

W-hl80 L ' 


(«) 


where f° ^ and /^ +1P0 " are the values of the critical frequencies corresponding to 
x — \jr and x — ^-flSO 0 where \jt — n , 90°, n being odd. 

(b) In this section the amplitude and phase of the drift velocity for different 
seasons are obtained from analysis of the N m variations at Delhi. The / 0 F 2 data 
for the period 1946-54 are grouped together for the summer, winter and equinox 
months which are respectively denoted as N (northern solstice), S (southern 
solstice) and E (equinox) months. The average diurnal variations of N tn for 
the b\ region for each of these seasons are shown in figure 5. It can be ob- 
served from this figure that the largest daytime value of N m occurs in E months 
and that the maximum N tn values occur in the afternoon in all seasons, the times 
being 1430, 1330 and 1300 hrs local time for N, S and E months respectively. 

It has been shown that the value of y' , which denotes height gradient of the 
drift velocity, is near unity at places where there is generally high level of ionisa- 
tion in N months. The same, therefore, applies for Delhi where such a high level 
is observed in practice. In such a case, the time at which maximum N m occurs 
leads the drift by nearly 90°, so that the maximum value of the resultant down- 
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ward drift will occur in Delhi at 1730, J 630 and 1600 hourB in the N, S and E months 
respectively. 



and E stations. 


Now, if we assume the same phases for the downward drift at Delhi, as those 
i; i von by Martyn for the low latitudes viz., 1 200 hrs for the semi-diurnal. 0300 and 
0900 hrs for the summer and winter seasonal velocities, wo obtain the values ot 
for the seasons as follows 

S N =-165°, 8 S = -135°, S s =-120°. 

Eqn. (6) will be valid for the above values of fi’s only it 

e=* 1.5 

Vio 

Martyn has obtained theoretical distribution of the semi-diurnal and seasonal 
tidal velocities as arising from the sectorial (semi-diurnal) and tesseral (seasonal) 
harmonics From this we obtain, for the geomagnetic latitude and longitude 
of Delhi, a ratio of 1.5 for the magnitude of the seasonal to semi-diurnal velocities, 
which is the same as obtained above from an analysis of N m variations. This 
means that the magnitude of the seasonal drift velocity is nearly 50% more than 
the semi-diurnal drift at Delhi. 

(e) Having obtained the relation between the seasonal and semi-diurnal 
velocities, the actual magnitudes of the velocities are determined as follows . 

5 
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The values of 0 for different seasons are determined with the help of equation. 
(8). The values of Q , so determined, are 0.06 for summer, 0.08 for winter and 0.09 
for equinox months. 

By substituting these values in equation (8) and by knowing the values of 
Z, o and y', we can obtain the values of the resultant velocity v 0 for different 
seasons, y', as already mentioned, is of the order unity and is assumed to be 0.7 
(Mitra 1951). <r is assumed, after Martyn, to be 0.3 radians. We therefore obtain: 

G = 1.2 v 0 

For N months, l.2v 0 = 0.06e 0-7z 

For S months, 1.2i> 0 = O.OSe 0,72 

For E months, 1.2v 0 = 0.09c 0 ‘ 7£ ! 

. \ 

Z values for the N, S and E months are 4.0, 2.9 and 3.7 respectively. \ 
Therefore, ’ 

v 0N = 20 kms/hr. 
v oS = 18 kms/hr. 
v oE = 33 kms/hr. 

An idea of the order of the velocities may also be obtained from the height 
variations discussed in Sec. 2. 

Assuming a velocity of the type 

0 

v = v Q sin (w£-f oz) } 

Martyn (1947) haB obtained the relationship 
$ z m — cos x m 


where x m — (a it + az m ). 

Making use of this relationship, the values of v 0 are obtained to be of the order 
of 20, 20 and 30 km /hr. for the N, S and E months respectively. 

(d) The observed variations in N m , as shown in figure 5, can now be explained. 

In summer, the phase of the drift is upwards in the morning and starts 
downwards as late as 1430 hrs. The loss of ions by the attachment process is small. 
The general level of ionization is, therefore, uniformly high throughout the day 
and rises above Chapman value. It starts falling only towards the evening. 

In winter, the phase of the drift is again upwards in the morning and remains 
so till 1300 hrs. The ionization level is, therefore, high throughout the morning 
The loss due to attachment becomes large only in the afternoon when the phase 
of the drift is downwards and reaches a maximum at 1600 hrs. 

The conditions at equinox are similarly explained. 
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4. DETERMINATION OF THE ATTACHMENT COEFFICIENT 

Usual calculation of this coefficient neglects the. tidal effects. Hero, it is 
determined for the different seasons by taking these effects into consideration, 
by using eqn. (7). 

The values of /? are found to be as follows : 
ft — 0.0 X 10~ 6 /S for N months 
= 0.8 X 10y 5 /S for S months 
= 1.1 X 10~ fi /$ for E months, 

These values of /?, when taken in conjunction with the corresponding heights, 
compare favourably with the values recently obtained by Ratcliffe and others 
(1956). 


CONCLUSION 

Definite results about the existence of solar tidal effects m the F 2 region over 
Delhi are obtained. 

The resultant vertical drift velocities producmg theso effects are 20 km/hr 
in summer, 18 km /hr in winter and 33 km /hr in equinox months. The observed 
variations in the ionization are explained in terms of the tidal effects. 

Attachment coefficient is obtained for the different seasons taking tidal 
effects into account and it is of the order of lfH/tf. 
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ANOMALOUS MAGNETIC MOMENTS OF PROTON 
AND NEUTRON 

S. K. KTJNDU 

Department op Theoretical Physics, 

Indian Association you the Cultivation op Science, Caloutta-32 
(Received for publication, May 1, 1957) 

ABSTRACT In the present paper, the proton and the noutron magnetic moments, 
have been calculated with a classical model consisting of Rpatiully extended core oharge and 
a moson cloud ohargo, both having spherical symmetry. ■ ! 

INTRODUCTION \ 

In calculating the magnetic moment of the nucleon we propose to separate^ 
the contributions due to the charge of the core and the mesonic cloud surrounding 
it. For this purpose wc take a classical model with spheric, ally symmetric charge 
distribution. The contribution due to the mesons is evaluated from the usual 
expression for the meson charge density in the theory of extended source as pro- 
posed by Pauli (1946). The observed magnetic moment of the proton is a sort of 
time average of two states : the state of being a proton and the state of dissocia- 
tion into a neutron plus positively charged pseudoscalar meson. From a similai 
idea the magnetic moment of the neutron comes out only from its staid of disso- 
ciation into a proton core and negatively charged pseudoscalar meson The 
charge distribution of the proton core is assumed to be proportional to the source 
function and the constant of proportionality is related to the probability that the 
core charge is present. 

METHOD OK CALCUL A T 1 O N 

It is here assumed that the mesons give rise to a charge cloud rotating about 
an axis and as such contribute to the magnetic moment of the nucleon. Accord- 
ing to the classical theory the magnetic moment for this kind of motion is given 

b .y 



where A — it{r sin 0) 2 , i = p n -(r)rdr sin Q ddd<j> oi/27r, <*> = angular velocity of the 

motion, p T -(r) = meson charge distribution function and c — velocity of 
light. 

To eliminate w, we use the condition that I<a — % (I being the moment ol 
inertia of the meson shell about, the rotating axis), then the above expression 
reduces to 
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lr * 

where we have put m n a 2 for 7. 

The density matrix of the meson charge is 

Pn~{r) “ < I p w -\op]fr) \ ; 


( 2 ) 


... (3) 


where 

Pir-faPKr) =“ te(7r*0*-7r0) 

Using the extended source model, the value of p w -{ r ) as given by Salzman (1955) 
has the form 


P„-(r) =- f dk f die' k' e i(k-h') r ... (4) 

3 3 ( e+e)c6 ' 


where e = V*H m n 2 , e/ Vfc' 2 -| w a >nd the cut-off function v(fc), defined by 

v(fe) = .f dr*9(r)e lk r ... (5) 

is a function of the length of k, because 8( r ) which is the source function is assumed 
to be spherically symmetric. 

Now substituting (4) in the expression for the meson contribution (2) and per- 
forming r integration we find 


“ Jmj,' ' dk f dk ' 3S * *'" Vk Vk Mb - k ' ] - < 6 > 

v here ... means the dyadic inner product. 

Using the property of spherical symmetry of v(k) and after partial integra- 
tion of the term involving d 2 vjdk z the expression (6) becomes 


= - aJr? I dk ^ 2e> ( S ) + r,( ' v 


-2 k z ))v 2 


U) 


Since the integral on the right hand side of (7) involves dvjdk , a square cut-off 
is unsatisfactory and so following Salzman (1955) we choose for the cut-off the 
short tailed Gaussian 


_ 

v(k) = Be b* 


( 8 ) 


where B and D are constants to be evaluated, 
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From (5) and (8), we find, on using’ the normalising property of the source 
function $(r), 

v(o) = 1 = B 

The constant D is determined (D = 5.6\/S wj from the condition that in 
meson nucleon scattering, the value of the cross section evaluated from the above 
Gaussian cut-off should be same as obtained from a square cut-off of the form 

v(k) = 1 for k< = 5.6 m v 

= 0 otherwise. 

The numerical integration with the Gaussian cut-off (eqn. 8) gives for the 
meson cloud contribution to the nucleon magnetic moment as [from (7)] ^ 

/V-=-/*o(2/3)(Jf,K)f(- 1 --)‘(7.2) ... (9) 

whore we put //, 0 — e/2M pi M p is proton mass. 

The value of a is taken from that used by Pauli (1946) to find the exact nucleon 
magnetic moment using weak coupling theory with the idea of extended source. 
Further, the meson nucleon scattering data give very good fit when /* — .058 
(Chew, 1954). Thus the meson contribution finally reduces to 

ft*- = — 4.75 // 0 *... (10) 

where we use (l/w v a) = 2.85, M P lm n = 6.6. 

The core contribution tq the nucleon magnetic moment, which is supposed 
to be due to the spin motion of the core particle having spherically symmetric 
charge distribution p r (r), may be expressed as before by the relation with % —c — 1 

** ,i y <r i5?i ,4 * w * ••• (n) 

where o- is spin quantum number and (2/5) M p a l id 4 ’ the moment of inertia of the 
core particle about its spin axis. 

Assuming the core charge density p c (r) to be proportional to the source func- 
tion 8(r), we write 

p c {r) — FeS(r) ... (12) 

where F is the constant of proportionality. 

Now, on using the normalising property of the source function, we find from 

( 1 ?) 


F = (1/e) J Pe(r)dr 


... ( 13 ) 
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and since [ Pe (r)d r represents the total charge the core can have, the relation 

(13) indicates that F should correspond to the fraction of tune the core charge 
may exist. & 

It is well-known that 

S{r) = (2n)» \ V(k]e ~ ' kr dk 

and from its spherically symmetric property, the above expression reduces to 

00 

S(r) = - 2nl ir{\ V(k] 009 kr dk ) - («) 

0 

And with the cut-off as that of ecjii. (8.), we find from (14) 


q/ r \ FP'J'ir — ~ y2 

8 ; 2 - « (is) 

The core contribution thus finally reduces to (from eqns. 11, 12 and 14) 




40 1 

= r(6/2) - (16) 

whore T(5/2) is the Gamma function. 

Taking — 2.85 and T(5/2) — (1.5) (.88059), we find from eqn. (lfi) 

/i c = ^(1.295)// 0 <r ... (17) 

It is of importance to mention that the relation (17) represents the magnetic 
moment due to the core charge for the fraction of time Accordingly wo write 
lor the magnetic moment of the proton and the noutron as 

= (1 - F) f i 0 + Ffi v + ... (18) 

and 

,i N = 1.295/^ + Fp.~ ... (19) 

respectively, where (1— F) is the fraction of time the nucleon exists as a physical 
proton (neutron) and the rest F seconds as neutron (proton) core plus a positively 
(negatively) charged pseudoscalar meson. 

Taking F = 0.5, we find from (18) and (19) 
fi-p ==; 2 . 875 /^q 

/% ~ 1.727 /e 0 


and 
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whereas the experimental values for fi P and ji N are respectively 2.79 and 
— 1.91 fa. The ratio of the anomalous part of the neutron magnetic moment 
to that of the proton is found to be 0.92 (experimental value 1.07). 
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DESIGN OF CONTINUOUS BAFFLE IN A SHORT 
LENS BETA-RAY SPECTROMETER 

P. N. MUKHERJEE, M. K. PAL, M. K. BANERJEE and 
A. K. SAHA 

1 N8TITQTK OF NUCLEAR, PhYHIC.M, CALCUTTA 
( Received for publication. Mm/ 14, 19.57) 

ABSTRACT. A short lone beta-my spectromotor lias boon sot up following tlio 
calculations of Bauer jeo and Saha (H)53) The epecl.romotor can measure upto 4 Mov oloc- 
trons. The performance of the spectrometer is cheeked up using (V-ht bouvoo A now and 
simple method of alignment of the spectrometer is propoHod. Ring focussing is investigated 
by photographic method, and from tho observed nature of the caustic envelope of the cloclron 
trajeetorios a oontiriuous baffle is designed. With this new baffle system h resolution of 
1.47% at a transmissions of 0.5(1% is obtained.. 

1 . INTRODUCTION 

A short lens bettt-ray spectrometer is generally classed as a low resolution 
spectrometer. Up till now the usual procedure to got optimum resolution is to 
place an annular slit at the position of the circle of least confusion of the electrons 
in such a way that it just allows the electrons to pass. The resolution obtained by ' 
this method is 2.2% at a transmission of 0.56% [Dent-sob et a l 1944]. Perkins 
and Solbrig (1951) showed that if the outer baffle of the above amiular slit is 
replaced by two circular slits of proper dimensions on its two sides, then the reso- 
lution is much improved (2%) without any appreciable loss in transmission. 
Following this idea, Banorjee and Saha (1953) have doducod that if the number 
of the outer stops is increased then the hue shape becomes more sharp, finally 
when a contiuuum of such baffles is used, an optimum resolution of 1.56% at a 
transmission of 0.56% is obtained. The baffle, known as “Continuous Baffle”, 
is so designed that it follows the caustic envelope of the electron trajectories 
inside the spectrometer. 

Following this new idea we have designed a continuous baffle in a way which 
will be presented here. 


2. T H E SPECTRUM ET E R 

The short lens beta-ray spectrometer of the Institute was first designed 
and fabricated by one of us (M. K. Banerjee) in 1054. Since then it hae under- 
gone many improvements. It is shown in figure 1 in its final form. It has the 
Following characteristics: 
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Length of the chamber = 120 cm; diameter of the chamber — 17,8 cm; 
outer diameter of the lens coil =■ 52 cm; inner diameter ol the lens coil =20.0 
cm; breadth'of the coil = 16 cm; number of turns of the coil = 2245; maximum 
current that the coil can carry — 25 amp. 



1 — Chamber; 2-Luiih coil; 3 -Air lock, 4-Caiiimu counter; fi-Sourco, tJ-Botu counUu; 
7-Piram gauge, 8-Pennmg gauge; M-Dilfusion pump, l()-Air dock; J ] -Mechanical 
pump; 12-Oil trap; 1 3-Silplion; 14-Bunt joint; lii-Cml support; 10 -Clminbor 
support; 17-Loim cooling oojIh, 18-Baffle adjustor 

The current is stabilized to within 0.1% by means of a stabilizing circuit 
using galvanometer photocell type of error detector (Men, 1950). Current is 
measured with the help of a precision potentiometer. 

The beta particles are detected by means of a stilbeno crystal, grown at the 
Institute (Bhattacharyya, 1956) followed by perspex light pipe, 6262 photo- 
multiplier and related amplifier and scaler. The control desk is shown in figure 2. 
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Kig. 2 Tlio runli'ol desk 

:i JJESION OK THK CONTINUOUS HAKKLK 


The performance of the .spectrometer was checked with f^ ia7 source, 
taking advantage of the strong fi -conversion electrons of 0.61 Mev energy, it 
was found that for a current setting of 4.00 amp, the A'-peak was focussed on the 
detector. The initial line-shape (before the design of the baffle) was found to 
correspond to 12% resolution. 



Fig. 3. The elliptical ring! 
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Maintaining th$ current at 4 00 amp. photographs of the beta rings had 
been taken placing Ilford X-ray films inside the chamber. Exposures ranging 
from three to nine hours had been given. Initial photograph (figure 3) showed 
that the rings were not circular, but elliptical. This indicated that the field was 
not symmetric about the axis. After laborious trials the ring was made 
circular (figure 4) by properly shaping the field. 



Fig, 4. Ci re ul m ring before the alignment of the Hjicutioiiiptcr 

Next the axis of the chamber and that ot the lens were made coincident, 
following a new and simple method. This is indicated in figures 4 and 5. 11 

will bo noticed that at the centre of the ring there is a taint spot. This is due to 
the continuous beta spectrum of C* 137 . We assume that this corresponds to tbe 
to the magnetic axis. In the photographic plate holder, which exactly fit the 
chamber, there was a narrow bore (1/32") exactly at the centre of the holder. The 
bright spot in figure 4 was made by light leaking through this hole. This naturally 
corresponds to the chamber axis. It will be noticed that in figure 4 these two 
spots are not coincident indicating that the chamber is not aligned. By shitting 
the position of the chamber the two spots had been made to- coincide (figure 
5). 

Then photographs were taken at different positions along the chamber axis, 
and the data of the caustio envelope were thus collected. With the help of this 
data a baffle was designed which was composed of ten outer stops of aluminium 
and a central stop. 

Using this baffle the K conversion line was measured again. A resolution of 
1.54% at 0.50% transmission was obtained. 
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Having assured that a substantial improvement did occur aft pi using a 
compound baffle, we next proceeded to construct a true continuous baffle. But 
this requires more accurate data of caustic envelope. Previously photographs 



fig n Onvula .1 rim? ufl ci tin* alignment 

weie taken at one cm interval So the error in placing the baffle was large. 
We, therefore, introduced some mechanical improvements by means of which 
photographs at an interval of 2 mm could be taken. 



fig. 0. The complete baffle system. 


X^ig. 7 The continuous bafflo 
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The complete baffle system is shown in figures (> and 7. The continuous 
baffle, which is a solid cone of aluminium is divided into two parts, mounted on 
two brass cylinders (figure 7). These cylinders can be moved along the chamber 
axis by rack and pinion arrangements, which can be operated from outside the 
chamber Bv this arrangement the baffle can be easily and accurately placed 
so that it follows the caustic envelope of the electron trajectories. The central 
stop is also movable, and can be placed at any position on the axis in the neigh- 
bourhood of the focussed ring within an accuracy of 0.01 cm. 

4 EXPERIMENTAL E E N U L T N 

Figure S indicates the influence of the baffles on the line shape of A-coin 
version electrons. Curve *-! corresponds to the line shape without any baffle . 
system. The resolution is 12% Curve B is obtained after the adjustment of \ 



0 3600 0 3700 0 3600 0 3000 0 4000 0 4100 0 421 

VOLTAGE ACROSS 0 JJl RES /STANCE 

I'm. H. Influence of coni i n nous ImtTIc on t h»* line shape. 

the first outer baffle (i.e. the outer baffle which is away from the detector). Curve 
(! gives the line shape when both the outer baffles are in proper positions. It will 
be seen that a remarkable improvement has occnred after the introduction ot 
the outer battles (resolution 2.5%). Finally, in curve. D a resolution ol 1.47% 
is obtained when the central baffle is placed pist at the position of the circle ol 
least, confusion. The transmission at this region is 0.5fi%. It will be seen that 
both the K and L conversion lines are resolved 

In figure [) the complete spectrum of Cs m is presented at a modorate icho- 
ution (2.2%). The positions and intensity ratios of the conversion lines agm’ 
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well with the standard values and this agreement ensures the reliability of our 
spectrometer. The data are presented in Table I, together uith the performance 
of some other short Jens spectrometers reported so far. 



Kitf. !). Tin- spcHrum of' CTO ■“? 

TABLE 1 

Data on some short lenses 


Keaolu- Trmis- 


Author 

Ih-fmc-nrr 

lion % 

mission % 

Kicid'iihii 

1 042 Aik Mat A. sir Fi/* 
M. A. 4 No J7 27 

1 (1 

0 07 r> 

Di-iUsnli 

104 4 R. F Y. 1.7. I7S 

1 7 

0 JS 

Mi Her 

J047 ./ J?r* N<i1 liar Ft. 
3N. 350 

2 0 


IVftl 

111.72 R.. F 1 22. 112 

2.U 

(1 r» 

Tin* prcscni spa 

I'lionu'tcr 

1 47 

o :>u 


ACKN O W L K D (J U E N T fi 

The authors express their deep gratitude to the Late Prof. M. N. Saha, ’F'.K.S. 
lor the kind interest he used to take in thisuork 

One of the authors (P. N JVlukherjee) is thankful to the Department of 
Atomic Energy, Government of India, for the award of a Besearch Fellowship, 
'vliich enabled him to carry out the work. 



538 P. Mukherjee , M, Pal , M, Banerjee and A. Saha 


The authors acknowledge with pleasure the ungrudging help they have 
received from Nn ft. L. Bhattacharvya, Sri A. K. Sen Gupta and Sri A Ohatierjee 
in setting up some of Ihe electronic- equipments concerning the detector Finally, 
it is a pleasure to acknowledge the contributions of Sreemati Uma Banerjee to 
the fabrication of the vacuum chamber of this instrument. 

R K PBBEN O R S 

UiUMTjcn, iVI, K. itnd tSalui, A. K., 1953, Rt oc Rhytt. Sue., 66, 937 
Kani'rjei*, M K. 1955, D. Phil Tlicsis, Pfilcutta XTmvwHity. 

BhiiM.Hcharyyii, R.. rt al. 1956, Ind Join. Phifs , 30, 585 
Doulsch, rt nt 1 9X4. R. S. /. 16, 1944. 

Pci kins and Solbiig, 1951. R. S. 1. 22, 173. 

Son, S 1959, D Phil Tliosis ( ',ilr a u14ci, Uuivcisity 



Jletteti to the flditot 


The Board of Editors will not hold itself responsible for ojmnom expressed in the letters, 
published in this section. I 1 he notes containing reports of new work communicated for this 
section should not contain many figures and should not exceed ,5 00 words in length. The contri- 
butions must reach the Assistant Editor not luter than the loth of the second mouth preceding that 
of the issue in which the Letter is to appear. A'o proof will be sent to the authors. 

10 ON OPTICAL METHOD OF MEASURING 
CONVECTIVE AIR VELOCITY 

H. N PATTL 

PllYNU’H l)rci*\HTMKNT, iNhTlTUTK OK SUIKNUK NtHHH\Y 
(lteieioed for publication. June, 1 WW), 

An interferometer method used to measure temp (“ratine of air film is dis- 
missed by Kennard (19-11) The same ran be used to measure velocity v in the 
plume of hot air, rising vertically from a hot source. 

A change of temperature in the plume of air, caused by a change of velocity 
is revealed by a shift of interference fringes. 

A relation between air velocity and shift of irings is derived as follows. The 
expression for heat output along the centre line of an interference fringe (Kennard 
1941) is 


n - a N . t,an 0. 

V " L(n x - 1) V 


( 1 ) 


where T. is the temperature of heat source, L v the length of source, y. the distance 
measured parallel to sourco and S is the number of fringes contained m 
is the slope of fringes at the surface of the source, A„, the wavelength ol light 
in vacuum, and », is the refractive index of air at room temperature. 

The hot air jet rising vertically from the source takes the shape ol a cone, 
(Button. 19«>). The heat output Q sp.eads over the cross section of the jo , 
and is put equal to Hn« where H is the heat flux and r, the radius of the eioss 
section of the jet. Heat flux can be expressed as 


fl = { C v PvVbT ■ = C >t P^TL, 

where AT is the excess 


( 2 ) 


of temperature over room temperature and C„ and ft, 
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have usual meanings The relation between r and Z, the distance of the cross- 
section from the source as established by Railston (1054), is r ~ 0.40, Z 0 , 85 . Using 
this relation and eqns. (1) and (2) the expression for v becomes 


A'Z- 1 - 7 J 
0 1 GnC'^L ‘ AA 1 


N 

y 


. tan (J. 


This shift m fringes A N, - and tan t) can be determined experimentally The 
difference between p and p (i is ignored for smaller values of AT. K is put equal 

i'P vo.7a 

to Kgl^Tp- J , where K„ is the thermal conductivity of air at standard pressure 
and temperature T„. 
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ABSTRACT, idik paper is a coiilimiftl-um ol n, previous ouo jOJialUTjpp, 111561 in 
vvhicli tho principle of working of an nmmdn phttM’meli'i for four terminal networks was 
(liflOUHHOil. Tho present papoi gives I, lie details ofmoimuicmuni \uth hiu'Ii a phase meter at 
mul io and radio fioquoueies. A itsii moments foi both balanced ami unbalanced types ol 
notwoikfci urn oxplumod and tho cm ml dmujunnH hip also nivcii. The absolute nr, curacy ol 
measurement is about 1” and a small elmu(<e in phase e.m he measured with an amuaey ol 
about 0 l". Mod dieiil ions lU'cessary foi making difloiont types of trionsumneul us well us 
tlm liitTh-fuu|ueiiry limit, ol tho mol nr are also discusseil. 

I INT II 0 DUCTION 

Though pluwo is ono of the fundament nl parameters in ciicuil techniques, 
thfti’o is no madily available means for the accurate measurement of phase changes 
produced by, a given network, A mm pie and accurate phase meter has been 
devised iu our laboratory for measuring the phase changes produced by a given 
network, fir, live or passive. As the method is a very simple one, it- can be easily 
constructed and calibrated. Accuracy of this simple device, specially for measur- 
ing nut all changes in phase, is much greater than any other readily available method. 
Tho technique is applicable both at radio and at audio frequencies, almost with 
equal accuracy. Some typical examples with schematic circuit diagrams and 
observed Jesuits are given to illustrate its applications. 

•». T H EOH Y O F O l 1 15 H A T 1 0 N 

The principle of phase measurement, as described m this paper, is based on 
the tael that ail oscillator is capable of giving a stable oscillation only at. that 
particular frequency at which the total phase shift in the feedback loop ib -ir 
or an integral multiple thereof. Thus any four terminal network, introducing 
a phase change A<4 iu the loop, will change the frequency of oscillation in such 
a manner that the phase of the remaining circuit (mainly tho tuned load) changes 
by an equal magnitude in the opposite direction. 

Jdouoe, the phase change produced by the given network may be written as 

a H 2) a " (1) 
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where 'j ^ the rate of change of phase with frequency in the whole loop. 

( ¥ 

do) 

frequency in very much greater compared to that m other parts of the loop and for 

(dd>\ 

all practical purposes, the value of \ ( y) for the tank circuit, may be taken as 
equal to that for the whole loop. 

Thus, knowing ( ^ j from the constants of the tank circuit, wo can deter- 
mine A$ by measuring the frequency change Aw. As the change in frequency 
can be very accurately measured by a good frequency meter, the measurement <|f 
the phase also becomes accurate. ^ 

for mi LC tank circuit (as generally used in tlic radio ficcjuency vange)l 

\ 

ifi given by 



For ordinary oscillator circuits, 


for the tank circuit near resonant 


\ d f' -- 20Ii = 2 ((?„/«.„) cdkVj ... (2) 

; Dm | ... 

where C iy the effective timing capacity, 11 is the ecpuvalent parallel resistance, 

Q 0 is the effective Q value of the lank circuit at resonance | Q 0 — ^ ^ r -' <^ 0 ( 72 j and 

(/> is the phase angle of the tank circuit al the changed frequency of oscilla- 
tion. In such a case 

A $ |— '2Q tt cos 2 </) . =- 2 Q n cos^j ... (3) 

| ' 1 - J o 

A universal phase change curve for such a phase meter, plotted in terms 
of Q n times fractional change in frequency (A ///„) is given in figure 1. Knowing 
the value of Q (l (from the resonance curve or by a t^-meter), and measuring the 
frequency change A / by a good frequency meter, accurate determination of phase 
change m a given network is possible with the help of the curve of figure 1 

A Wjeii-bridge type of R-C oscillator circuit may be used for measuring 

phase changes in the audio frequency range. For such a circuit, ^ | — ~ OR cos 2 ^, 

when the senes and parallel branches of the Wien bridge circuit have the same 
values of capacitances (0) and resistanc.es (R). In this ease 

\A(j) | — CR cos 2 0 . A“ as " uos 2 <j> . , ( v in a Wien bridge oscillator 

3 3 OJ o \ 


“•= 6s) = 1 001,2 * ■ j! 


... ( 4 ) 
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Comparing with equation (3), we see that m this case also we can make use of the 
eurite of figure 1 for determining A$6, if wo lako Q 0 1/3 for that curve. 



1. Tile U/m oj’Httl i-ulibi.t(.ion curve for Uiu gjson lypn of phuso molin', ilolinealing 

phase change (A0) with Q 0 where is l.lio 1 ruction til change m frequency 

fo fo 

ami (J„ is the tank ci limit at lehonnnce. 


Thus, ill this case there is no necessity for determining any tank circuit 
parameter (like Q () for the LC oscillator) and only a measurement of the relative 
A/ 

change in frequency f will determine the phase change 
/« 


3. SOMM TYPICAL EXAMPLES 

The general schematic arrangement for measuring phase changes was illus- 
trated with block diagrams in the previous paper Here we shall show some 
typical experimental results at different frequency ranges. 

(.4) At Radio frequencies 

Observations were made in the radio frequency range with four terminal 
net works of resistance-capacitance typo and also with co-axial transmission lines, 
and the results were compared with theoretical calculations. 

The circuit connections of the equipment, as built up in this laboratory, is 
showm schematically in figure 2. V A is a tuned amplifier and K, acts as an inverter. 
1 7 3 and V A are cathode followers to isolate the network under lest from the rest of 
tlie circuit, so that it does not affect the system in any way excepting introducing 
the phase change. Feedback from V d to V x forms the closed loop for oscillation. 
All the coupling condensers are of sufficient value to introduce negligible phase 
change in the circuit. The normal frequency of oscillation is determined by the 
parallel resonant frequency of the timed load (the tank circuit) at the plate ol 
V v Its parallel resonant frequency was set to the particular range ol frequencies 
where we want to study the phase change in the given network, The effective 
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Q value of the tank circuit (# n ) was measured by plotting the frequency response 
curve of the tuned amplifier and by measuring its half-power bandwidth. If the 



Fig. 2 Schema! ie circuit- diagram of t-lio phase meter fm tlio r.f, range and foi nubalanccrj 
type o< tour- tormina I networks. The network under measurement is to ho con- 
nected between the points X and V. 

bandwidth tor the haif-powor points be SJ and jf 0 be the resonant frequently, then 
Qq — loftf While measuring cai e was taken to have the same grid -drive 
for the amplifier, as if gets under tho oscillating condition. 

The network under test is put between and \\ at the points *A and Y. 
Tf the network contams any d c. voltage at its output, then it is advisable to put 
a blocking condenser before terminal Y. Each blocking condenser should have 
sufficient capacitance to act as a complete by-pass. 

in order to check the accuracy of measurement, known phase changes were 
introduced in the loop, al the point AT. by a standard variable capacitor G' () 
(figure 3). The effective capacitance between terminal Y and ground is tho sum 
of the standard capacitor and the stray capacitance (C\).' 



Fig. 3. Position of tho standard 
variable capacitor (0 o ) to produce 
known phase ehanges in the circuit 
of Fig. 2. 




Fig. 4 TVie equivalent circuit of the 
phase changing networks at r. f. as used 
with the circuit of Fig 2, 
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The phase shifting network actually forms a Wien bridge circuit an shown 
in figure 4, the phase (0) of which is given by 


tan 6 =, - l Z ••tfAC'A 


... (5) 


where C r - - C 0 -\-C H and C 9 , R } and Til,, are as shown in figure 2. 

In the experiment mentioned above, nominal values of R tt ^ 4.7A r , A, r=. 
20/C 6’., — 0,2/iF and C\ varied from 25 ////A to 2 OOju/iF. o> =- 3.35 \ 1 0°r/*. 

Taking even the minimum value of (\, ioH^R/Z^ 5.27 X JO 3 and lienee 
for any setting of C\ we have a W.RJ'Jt, ^ l Also, for the maximum value of 
C v =- 1.68 and ^(72,4- « 2 ) » 1.68x10* and lienee wfJ a (ft r ! « a ) ^ 

to C X R V Hence under these conditions, wo can safely pul 


fan 0 


Titjj 


w6\72 0 


where R n --- 




i.e. the parallel combination of R ] and K., 


( 6 ) 


The effective values ol /?„ and ( ' s were measured by an r.i. bridge with all 
tubes placed in their respective sockets The values found m the cold condition 
were 1 /22 0 — 268// n and (\ -$* Wl/i/tF. But in the hot condition (when the circuit 
was on), the values found were 1/A 0 - 250/rCT and (\ — 25//// F. 

This reduction m the effective values of conductance and capacitance in the 
hot condition is due to the cathode-follower action. When the tube is cm, the 
grid and cathode of a cathode-follower are practically at the same potential and 
the effect of the shunt path through O at (as shown in figure 5) is practically elimi- 



Kip. is. Illustrating tlm reduction in Hie eh.mt admittance across Ji„ for U® «'«t 
follower action in tube V 4 of Fig. 
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nated. This i,s re, sponsible for reduction in the effective values of capacitance 
and conductance. Jn our calculation, we took the effective values for the hot 
condition, viz., E () =. 1/250 fid = 4A r n and C 8 — 25 ppF. 

The calculated values of phase shift for different values of the standard 
capacitance (C u ) is shown in Table T The same are also experimentally deter- 
mined by noting the corresponding frequency changes and the results are given 
in Table IT. This table also shows the calculated values of phase shifts and it will 
be noted that there is a good agreement between the calculated and observed 
values within the limits of experimental errors. 

TABLE I < 

— 3.35x10° radians/sec. \ 



S- 

ic' 

<N 

li 


- 4K i2. 


Ex. cap. 

«o 

Total 

cop.= e„-\ c* 

4* 

H 

I'OflSi }> 

0 HHF 

25 F 

18°. 5 

0 

0 . 800 

40 

05 ,, 

41" 1 

22" 0 

0 5(10 

70 

05 

51°. 0 

33° 3 

0 381 

100 „ 

1 25 „ 

50° 1 

10° 6 

0.263- 

140 „ 

165 

05° . 7 

47°. 1 

0 197 


TARLE II 
Q n = 35 


Ex. oap. 

A / 

0/t/JF 

0 

40 

5.1 Ko/b. 

70 ,. 

114 „ 

100 „ 

20.5 „ 

140 „ 

;io.o „ 


&({) (mon-Hurod) A f / J (cuiltjulutt?d) 


0 

0 

22 u 

— 22°. 0 

32 °. 6 

33 ° 3 

40 rj 

40 " . 0 

40 " 4 

47 ° 1 


The standard variable capacitors at our disposal had a minimum value ol 
40 fifiF and the minimum phase shift obtainable with this capacitor was 22° 
As the above instrument was specially well-suited for giving small changes in 



An Accurate Phasemeter far Four -Terminal Networks 547 

phase accurately, a few measurements on small phase changes produced by trans- 
mission hues of different lengths placed between the points X and Y m figure 
2, were earned out The results are shown in Table 111 and they reveal a very 
good agreement with the theoretical values. The transmission line was effec- 
tively terminated at both ends by its characteristic impedance. 

TABLE III 

9o_=3S /o — 533Kc/s. 

A0 (calculated) A0 (numsured) 

3" 3 r 

4 .V 4 „■ 


Line length 
(electrical) 

2.Sm (X/120) 

4 . - in (X/KO) 

7 m (X/LS) 


M mnurtnmds on a bain need network' 

Tho experimental observations discussed in the previous paragraphs wore 
for a four terminal network of tho imbalanced type. To determine the phase 
shift in a balanced network such as shown in figure G, the circuit arrangement 
is to bo modified. A circuit arrangement of the type as shown in figure 7 (and 



JLC 

f'W (> Tlio balanced filter .u inurement used lor illustrating the incasui eiuent of phnHO 
change produced by n balanced nelwoik. 



'V 7. Schematic circuit arrangement for measuring the phase change produced by a 
balanced filter (in its pass band) in the audio frequency range. 
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discussed in detail under measurements in the audio frequency range) may be 
used. Or, in some cases, balanced to unbalanced transformer coupling may be 
used to separate the balanced network from the? unbalanced tube-circuits. 

For making measurements over 1 a range of frequency, a variable condenser 
may be used in the tank circuit and the resonant frequency varied over the range. 
To give a further variation, separate tank coils may be used. Measurements 
on active networks like amplifiers may also be done m a manner described below 
for the audio frequency range. 

(ii) At Audio frequencies 

For making measurements in the audio frequency range, a Wien bridge 
type of audio oscillatoi vaH used. This is not only easy to make and gives sinu* 
soidal oscillations easily, but also variation of the tuning condenser only can gm^\ 
a frequency tange of about 1 : 10 (the corresponding case for LC oscillator being ; 
about I * 3). As most of our measurements in the audio frequency range are 
carried out over a band of frequency, this method of H-C tuning gives an impor- 
tant advantage The resistances in the tuning network may be changed for 
further variation of frequency. 

Firstly, we shall discuss the measurements on a balanced high-pass filter 
of the constant K type as shown in figure 6 This will not only provide an 
example of phase measurement with this instrument in the audio frequency 
range, but it will also illustrate a method ol phase measurement in a balnneod 
network. 

The circuit connections were made as shown m figure 7 with arrangements 
to switch on or off the filter in the closed loop of the oscillator. 1^ and V 2 comprise 
the oscillator portion and V. A and I 7 ,, separate the balanced filter from the un- 
balanced circuit. Oscillation frequencies were noted for the filter in or out of 
the circuit, and the phase changes were calculated from these measurements with 
help of equation (4) and figure 1. Fiequency measurements were carried out b> 
comparing the oscillation frequencies with those of a standard audio oscillator 
capable of giving small changes in frequency and noting the Lissajmis patterns 
on a cathode rav oscillograph. The results of phase measurements, together with 
the calculated values, are plotted graphically in figure 8. The_values of the con- 
densers and inductances in the filter section (ol the constant K type) wore L — 
50mH and C = 0.J//F, having cut-off frequency ess- ]Rc/s. 

The phase measurements were carried out in the pass band sufficiently above 
cut-off frequency. The network was effectively terminated by its nominal charac- 
teristic impedance (characteristic impedance at infinite frequency) at both ends 
and as such there was some mismatch at the low frequency end (near cut-off). 
The effect of mismatch is to lower the phase shift in those frequency ranges as 
is evident from figure 8. Jt shows that the measured phaso change is practically 
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identical with the calculated phase cl,a.i K c (calculated on the supposition that the 
network is properly matched) lor frequences sufficiently above the cut-off. But 
as tho ont-off is approached, the measured value falls short of the calculated value 



Kitf. N Variation of phase cdmngo with iioquency of the filter cjiviut of Kig. (), as moasuied 
hy tho phase motor, The oxponinentul curve is shown by rlotlod line unci a 
eulmilalcd curve is also shown in the same giaph hy solid line. 

tliiH to the mismatch effect. Foi measuring phase changes in the range 90° to 
ISO", the connections at the points A and B should he interchanged so as to keep 
suitable phase relations in the loop for tho maintenance of oscillation. The same 
eflect may "also be ^accomplished by introducing another amplifier stage This is 
furl h cr^discussed m section 4 

Phase shift in an active network. 

We now consider the ^measurement, of phase eliange produced by 
an active network (an amplifier) in the audio frequency rango. T he 
circuit connection is shown in Ifigure 9, The Wien bridge oscillator portion 
is as in figure 7. V x is the amplifier under test and I 7 a is an inverter. It is to be 
noted that a phase inverter has to be put in the closed loop as a single stage ampli- 
fier of tho type shown inverts the signal on amplification. The phase-frequency 
response of the given R-C coupled amplifier was plotted in figure 10 fm the 
high frequency range. A similar phase frequency characteristic for the low 
2 
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frequency range may also be plotted by changing the values of R in figure 9, and 
making the Wien bridge oscillator to oscillate in the low frequency band, 

IMPUFIEK 




l<ig. 10. The variation of phase with frequency for tho high-frequency region of an H-t 1 
coupled amplifier, as shown m Fig, 0. The solid line shows the calculated cum* 
and tho dotted lino gives tho measured phase variation by the given phase meter. 

The phase-frequency curve of figure 10 shows a good agreement with theory 
and such types of phase meters may conveniently be used for these and similar 
applications. It gives a ready method of phase measurement and the accuracy 
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is also sufficiently good. Deviation of the measured phase characteristic from 
the calculated one at higher frequency (above half-power trequoncy /„) is due to 
the fact that our measurement is based on the assumption of negligible phase 
change in the rest of the loop (excepting the given network and the tuning circuit) 
This is no longer valid accurately in the high lrcqueiicv range, where some small 
phase changes also occur in the loop at points other than Ihc Wien bridge 

It may be mentioned in this connection that phase changes produced bv 
active networks (such as amplifiers) in the radio l.equomy range may bo measured 
in an identical manner. Only dilfercncc is that the oscillator portion is made 
for the radio frequency band Precautionary measure should however he taken 
to prevent distortion due to over-driving of the tubes, as shown m figure <). 

The typical examples of the application of the phase meter under discussion 
clcaily show that' the meter can he used lor various measurements at audio and 
i adio frequencies as arc commonly encountered in any electronics laboratory. 

4 J) I SC U MS U) NS 

For phase measurements in the ladio frequency range, the measurement ol 
frequency can be done very alternately by using a heterodyne type of frequency 
meter. The accuracy ol such frequency meters is about oue paid in ten thousands, 
though some experience olid training may lie required to get a sharp null. As 
such the accuracy of phase measurement in this range is mainly determined by 
the accuracy with which is known. As Q n can generally be determined with 
an accuracy of about one part in a hundred, the accuracy of phase measurement 
is also of the same degree From ligure I, we, see that, measurement of phase 
with the above type of circuit arrangement is limited to the range of ±90°. With 
an accuracy of 1% it is obvious that maximum uncertainty takes place for phase 
chango near 90° and is about/ 1°. The uncertainty is proportionately less for 
smaller values of phase changes. It. may he noted, however that, # 0 remains 
practically constant for small changes in frequency and thus for noting small 
relative changes m phase values, the accuracy may be much higher, of the order 
of 0.1°. 

As frequency measurements cannot be made m general, with so much accuracy 
in the audio frequency range, small relative changes m phase m the audio frequency 
range cannot be measured with an accuracy of 0.1 n Hut even then, the absolute 
accuracy remains in the order of 1°. as audio frequencies can easily be measured 
(by Lissajous figures or bridges) with an accuracy of one part in one hundred. 

]l i s to be noted that before taking any measurement, the apparatus should 
he kept on for a sufficient time to attain temperature stability. This precaution 
is a common one for making any accurate measurement and need not bo discussed 
m detail. The components of the tuning circuit should be as insensitive to tem- 
perature changes as possible, 
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Any phase change lying within the range _h90° to J^ISO 0 can only bo measured 
by introducing an additional phase shift of 180° m the circuit. With this modi- 
fication m the circuit, the actual phase angle (in magnitude) of the network is 
equal to 180° minus the phase angle as measured by the apparatus. It is easy to 
introduce a phase shift of I80 p by taking out the inverter stage or adding another 
amplifier, which ever is found to be more convenient. The sign of the phase angle 
is determined by noting the direction in which the frequency changes. 

If the measurements are to he carried out only at a given frequency in the 
radio frequency range, then one can conveniently use a frequency discriminator 
circuit (as lor example a ratio detector) to measure the frequency change. A 
meter giving the discriminator output may then be directly calibrated in phase 
angles. 

The high frequency limit of operation of this phase meter in the radio frc-i 
queney range is governed by the stray capacitances shunting the load resistances' 
or the terminating resistances (in case of transmission lines). At frequencies loi 
which the reactance of these shunt capacitances becomes comparable with the 
resistances shunted by them, large phase changes are introduced in all these points 
ot the circuit and the results are vitiated. One such observation with transmi- 
ssion lines shows that foi a calculated phase change of 30 f, .5, the observed phase 
change becomes about 34° at a frequency of 5 Mc/s. Tins reduction in accuracy 
is due to extra phase shift caused by the shunt capacitance across the terminating 
resistance of the transmission line. A measurement tin this stray capacitance 
showed that it is lesponsible for an extra phase shift of about 3°. Thus when 
this extra phase shift is taken account of, the calculated value agrees very well 
with the measured value (within an accuracy of 1°). For higher frequencies, the 
amount of these additional phase shilts will increase, thus increasing the error ol 
observation. Accurate measurement at higher frequencies is possible il the 
stray capacitances arc reduced or they arc of known value and remain constant. 
In that case the observed phase shilts may bo corrected, for these stray effects 
and accurate results obtained. 

It may be mentioned that if the given network introduces high loss or high 
gain in the loop, it may either stop the oscillation or give wrong results by pro- 
ducing distorted (noil-sinusoidal) wave shapes. Under such circumstances, the 
amplifier gains are to be properly ad]uslcd and it is convenient to have a gain 
control as shown in figures 7 and 9. 
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SCATTERING OF 9.5 MEV PROTONS BY NITROGEN 
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ABSTRACT. The paper dealt* with ilie results obtained hy Lite work on the scatter- 
ing of 9.5 Mev protons by nitrogen, Nuclear emulsion technique has been employed for 
the detection of scattered particles The exposure was made in 1952 at the Birmingham 
cyclotron using nitrogen target The scanning oi the plat-os was done, however, in the Physics 
lahoralory of the Dacca University, 

Levels in N 11 nucleus has boon obtained at 2 36 -|. .03, 3 93 f 05, 4 91 d 03, 5 15_L -02, 
5 49-1.02, 5 77J -03, 0.O5J 02, B.Z0H -03. 6 4K-| 05, 6 75 J .03 and 7 011 05 Mev. 

The angular distribution oi t-ho elastically scattered protons by has heon obtained. 
An usymmori-iTc angular distribution has boom obtainod tor the protons molastioally acattovecl 
by N 11 leading to 1-lie ini mat ion ol the 3.9 Mov IpvjI 


1 N T \\ 0 D U V T L O N 

In autumn 1952 a series of exposures using 9.5 Mev protons was made at 
Birmingham by the members of the rhysics departments of Bristol and Birming- 
ham universities and that of St. Bartholomew’s Hospital, London. The beam 
obtained Iron, the 60-iueh Birmingham cyclotron was. made to Strike gaseous 
targets within the scattering camera. Ilford C-2 emulsions were employed ioi 
the detection of particles. The plates on nitrogen which were studied hem ^ 
a part of the series of exposures, and were kindly lent to us ry 
of H. 1-1 . Will’s Laboratories , University ol Bristol. 


METHOD Ol' 1 analysis 

Burrows, Powell and Rothlat (1951) and Prowse (1954) gave details of the 

expos:: and technique involved hi the *-*«■£*£ onT^ ^ 
cussed the method of measurement in the determmatmn of the eneigy 

tlio scattering cross-sections. 

The plates were scanned rn this laboratory 
mieroseope with a maximum magmheatiou o I .00. T fc ^ ^ 

originating at the surface of were measured with the help 

defined by a reetangulai mesh in the )1 inicIonae ter. Measurements 

of an ocelumeter previously eahbrater w. ^ whwe background 

wero made from 30“ to 90° at mterva & ■ > i U ate W ith the present 

tracks number was high, being .mpossiblo to mveslig 

mioroscope. 
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r e s it 1 , r r s 

Before proceeding to give our results, it will be worthwhile to make a survey 
of the results obtained so far. 

Studying the inelastic scattering of I 5 Mev protons by N u , Fulbright and Bush 
(1948) found levels, at 5.1 and 0.7 Mev m N M . Using 8 Mov deuterons, Burrows, 
Powell and Rotblat. (1951) determined levels at 3.98 and 5.00 Mev employing 
the 0 16 (rf, a)N u reaction. The same reaction yielded levels at 3.95. 5.01 and 5 70 
Mev to Ashmore and Raffle (1951) and at 3.95, 4.93 and 5.98 Mev to Sperduto 
and Fader (1953) who used 8 Mev deuterons. 

With the help of magnetic spoctrograph Bockelman et al (1953) detected 
levels at 2.31, 3.95, 4 91 and 5.01 Mev studying the inelastic scattering of 0 92 
and 7.50 Mev protons. Freemantle el al. (1954) reported levels at 2.31, 3 95, 4 011 
and 5.10 Mev studyiug the inelastic scattering of 9 5 Mev protons by N 14 . 

Mackin et al. (1955) obtained levels at 3.91, 4.93, 5.13, 5.73 and 0.45 Mev 
employing the C! ls (d, n)N u reaction. The same reaction employed by Bent 
and Bonner (1955) yielded levels at 3.42. 3.71, 4.48, 4.90, 5 12, 5.74, 0.53, 7 09 
and 7.34 Mev. They, however, are not certain abonl the level at 3.71 Mev, which, 
according to them, may belong to C 13 . 

Miller el al (1950) studied the inelastic scattering of 22 Mev alpha particles 
using a point focussing 180° magnetic spectrograph and reported levels at 3.95, 
5.12, 5.79, 0.47 and 7.02 Mev. The levels at 2.31, 7.40 and 7.70 Mev reported 
by other authors were not obtained 



Fig. J Histogram ol the tiucks^obtainod at 0 (HT.JI Each division in equal to 

microns The distribution baa been smoothed out by adding to each ordinate tin* 
mean of its neighbours. The ordinate represents the number of tracks obtained 
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Scattering of 0.5 Mev Protons by Nitrogen 

1 J H E KEN T LEVEL l) K T KIIMINATION 
Tho levels observed in the present, investigation are quoted in Table 1. Of 
these levels Ajzenberg and Lanritsen (1952) mention all except the ones at 5 49 
and 6.75 Mov. In order to show the levels obtained at a certain angle the histo- 
gram of the tracks observed at 6 — 60° has been reproduced m figure 1 . 
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The levels at 5.49 and 6.75 Mev, though observed at only a few angles of 
scattering (see figure la) stand out quite prominently. All that can be said at 
the moment is that there is a likelihood of the levels at 5.49 and 6.75 Mev to exist, 
though their existence has yet to he confirmed by more elaborate work in this 
direction, 

Tt was not always possible to resolve the 4.91 and 5.15 Mev levels due to the 
low cross-section of the 4 91 Mev component. A figure of 2.7 - ,6 has been 
obtained for the ratio oi the cross-sections for scattering leading to the formation 
of the 5 15 and 4.91 Mev levels The resolution of the levels was observed to be 
the best at the intermediate angles and poor at both forward and backward angles 
of scattering. 
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The level obtained at 5.77 Mev i , , , 

and Lauritaen (1052), but it lras Jlo( yo 8 !iI,| e l'7r,* i “ by Ajl01,lw !5 

The accompanying diao-rain (liyurc ti () ve 1 1 mtt > the components, 

r ■* , b , ° ' Ilgmc 2 ) Hh(j ws the levels quoted bv Aizenbere and 

Launtseu aiong with too obtained in the „ navigation. ® 



Fjg. 3. Angular distribution tu the c.ui. nyntoiu of prolong riuatically soiittmorl by nilrogon. 
a{(j>) is expressed in milhhaviiH per stemdian. The dolled curve gives the Rutherford 
scattoring cross scjeiions. 


A N G LT L A R DISTRIBUTION 

The angular distribution of the protons elastically scattered by N 14 is shown 
in figure 3. H can be seen that the experimental points fall amiably on a smooth 
curve. This is slightly different rnrni the findings of FroemantJe et al. (19541) who 
obtained an irregular curve. Thus in the present case the cross-Bection falls 
3 
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to a minimum at 0 — 68°, rises to a blunt maximum at 0 = 110° before falling 
again to a minimum at 0 — 137°. Unlike the distribution for C 12 and O 16 , the 
cross-section risos to a high value at backward angles. The dotted curve represents 
the cross-section as expected from the Rutherford scattering, As is evident, 
the departure from Rutherford scattering occurs at a centre -of-m ass angle 
less that 30°, thus agreeing with the finding of Fieemantlo et al. (1954). 


ANGULAK D J 8 T II I 13 U T ION OF 1NELASTICALL Y 
S C A T T E RED V B 0 T O N S LEADING TO T H E 
FORMATION OF 3.1) MEV LEVEL 

Frcomantle et al (1954) obtained the angular distribution of 9.5 Mev protofis 
scattered inelastically from the 3.9 Mev level of N 14 . They reported symmetry 
about 90° with a minimum at this angle and rise of cross-section at both forward 
and backward angles. The angular distribution obtained in the piesent investi- 
gation is showm in figure 4. The shape of the curve follows the same pattern as 



Fig. 4. Angular distribution iri the o.in syHtom ol protons inelastically scattered by nitrogen 
leading to the foi illation of tlio 3.1) Mov state. <r(0) ih expressed in millibarns per 
storadiau 


that, of Freeinantle fi al but symmetry about 90° is not observed. The curve 
has a shallow' central minimum at 0 = 111 0 . 
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ULTRASONIC VELOCITY IN COBALT AND CADMIUM 
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\ 

ABSTRACT. Ultrasonic \elocity in cobalt and cadmium sulpha ts solutions have 
boon measured over a concent ration range 0 05 to 0.5 molar (m) and over a temporal ure 
range HOT to 50 L C. The A'alues ol adiabatic compreHSibilities have been computed. 


INTROD UCTION 

In a survey of electrochemical applications of ultrasonic waves in electro- 
lytic solutions by Yeager and Hovorka (1953) it has been pointed out that^ although 
there has been in the past, some amount of work regarding the structure of strong 
as well as weak electrolytes, still many aspects regarding them have remained 
unexplained. Measurements of ultrasonic velocities and adiabatic compressibi- 
lities may help to solve some of the difficulties. In this connection the sulphates 
of zinc and magnesium have been studied by Mohanty and Deo (1955). They 
have found that both velocity and adiabatic compressibility of the above two 
sulphates vary linearly with concentration (from 0.05 to 0.5 molar), and tempera- 
turcs (25°C to 45°G). Since the ultrasonic study of bi- valent sulphates have gained 
some interest in physico-chemical research in the present work, the authors 
planned to study the same for sulphates of cobalt and cadmium, 

EXPERIMENTAL METHOD ~ 

Both the sulphate solutions were prepared at room temperature from G.R.E. 
Merc samples. 

The velocities were determined by the usual method of photographing the 
Debye-Searer’s diffraction spectra. The experimental technique was the same 
in the work of Mohanty and Deo (1955). 
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TABLE 1 

Velocity and adiabatic compre^hilili,* of cobalt aulphate 


Temp, 
in "C 

Concen- 
tration. (2m) 

Velocity 

ih©U’ob|hw„ 

Den bit y 

Km In)', 

tf X 11)12 




— 




0.1 

151 1 

1 0041 

43 63 


0.2 

1514 

1.0110 

43.12 

30 

0.4 

1530 

1 .0280 

41 50 


0.0 

1538 

l .0416 

40.54 


0.8 

1548 

1 .0557 

35) 53 


1.0 

1 560 

J 0607 

38.42 


0 1 

J 520 

1 .0034 

42 S 


0.2 

1530 

l 0112 

42.25 


0.4 

1540 

1 0272 

41 .05 

35 

0 o 

1544 

1 0405 

40.31 


0 8 

1500 5 

J . 0542 

38.5)6 


1 0 

1578 

1.0670 

37.61 



0.1 

1535 

1 0027 

42.33 


0.2 

1 538 

1 .0105 

41.84 


0.4 

1546 

1 . 0264 

40.76 

40 

0.6 

1552.6 

1 0304 

39.94 


0.8 

1 5G8 

1 . 0527 

38 05 


1.0 

1581 

1 0661 

37 53 


0.1 

1342 

1 .0020 

41.98 


0.2 

1545 

1 .0098 

41.93 


0.4 

1555 

1 0250 

40.34 

45 

0.6 

1566 

1 . 0383 

30.29 


0.8 

1575.5 

1 .0512 

38,32 


1 .0 

1586 

1 .0043 

37.35 
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TABLE I ( contd .) 

Velocity and adiabatic compressibilities of cobalt sulphate. 


Temp, 
in °C 

Concen - 
trtttion (2m) 

Velocity 

metreH/floe. 

Domsityi 

gm./cc. 

J3 X Ida 


0.1 

1 550 

1 .0013 

41.58 


0 2 

1554 

1 0001 

41.05 


0.4 

1563 

1.0248 

30.96 

50 

0.6 

1570 

1.0372 

39.11 


0.8 

1580 5 

1 . 0497 

38 14 


1.0 

1500 

1 . 0625 

37.23 


TABLE IT 


Velocity and adiabatic compressibility of cadmium sulphate. 

Temp, 
in "0 

Concen- 

Velocity 

Density 

)3 x 10i-> 

tration (2m) 

metres/soo. 

gni fee. 



0.1 

151 1 

1 0056 

43 . 56 


0.2 

1513 

1 .0154 

43 01 


0 4 

1519 

1 0350 

41 87* 

30 

0.6 

1526 

1 0543 

40 75 


n 8 

1 530 

1.0737 

39.78 


1 .0 

1535 

1 0928 

38 84 


0.1 

1520 

1 0043 

43 . 09 


0.2 

1523 

1.0140 

42 52 


0.4 

1526.4 

1 .0335 

41 . 50 

0.0 

1533 

1 . 0528 

40.42 


0.8 

1538 

1 .0723 

39,42 


1.0 

1546 

1.0915 

38.33 


0.1 

1531 

1 . 0029 

42.54 


0.2 

1533 

1.0127 

42.01 


0.4 

1535 

1.0321 

41.10 

40 

0.6 

1538 

1.0514 

40.20 


0.8 

1542 

1.0709 

39 . 26 


1 .0 

1549 

1.0901 

38.20 



Ultrasonic Velocity in Cobalt and Cadmium Sulphate , etc. 563 


TABLE II ( contd .) 

Velocity and adiabatic compressibility ol cadmium sulphate 


Temp. 

Concen- 

Velocity 

Densit y 

(3 X 1012 

m U C 

tration. (2m) 

motroH/aec. 

gm./c.c. 



0 1 

1540 5 

1 0015 

42.08 


0 2 

1543 

1 0113 

41 53 


0.4 

1546 

1.0307 

40.60 

45 

0 0 

1548 

l 0501 

39.74 


0.8 

1551 

1 . 0606 

38. 8H 


1.0 

1554 

1.0888 

38 04 


0 1 

1545 

1 0001 

41 85 


0 . 2 

1647 

1 0100 

41 35 

50 

0.4 

1551 

1 0203 

40.39 

0.6 

1 55 5 

1.0487 

39.44 


0.8 

1558 

1 0682 

38.60 


1 0 

1560 5 

1.0875 

37.78 


n E H V L T S AN D I S C U S S 1 O N S 

The results obtained are contained in the preceding tablos. The values 
of the densities at diffoient temperatures and concentrations were computed 
from the data given in the International Critical Tables, Vol 111. The adiabatic 
compressibility (/?’) was calculated from ji 1 hn>. where v -= ultrasonic velocity 
and i> is the density On plotting graphs between adiabatic, compressibilities and 
concentrations, it was found that the adiabatic compressibilities raiy linearly 
with concentrations at all temperatures. 
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PHOTOIONIZATION VERSUS PHOTOELECTRIC EFFECT 
FOR DISCHARGE SPREAD AND OUTPUT PULSE 
MEASUREMENTS IN G-M COUNTERS 

P. S. GILL AND S. P. PURI 

Department of Physics, Muslim University, Aligarh. 

{Received for publication, June 17, 1957) 

ABSTRACT. The probability of discharge spread verms overvoltage has been men- 
siirerl in a mulfcieatliorle. single-anode conntei, by keeping dead the spuce across which the 
discharge spreads. The pulse size versus volfago curves for the extornally coated counters! 
reveal that the operation of soft glass typo in analogous to that of the conventional eountm ,\ 
whereas in ease of pyiox counter, the deposition of the positive ions across the inner glass 
surface develops an opposing e.m.f., which varies linearly with the overvoltage. 

Besides, discharge spread probability has been studied as a function of overvoltage m 
a multieathodo, segmented counter, making use of beads sealed on to the wire. Tbo bonds 
suppress the photoiom/.ation contribution by reducing the field around them, thus elimi- 
nating altogether the photo ionization noui the immediate vicinity of the wire, which, in 
normal operation, contributes lo the stepwise discharge spread. The photoelectric effect 
responsible for discharge spread remains negligibly feeble but constant ovei an overvoltage 
of about 400 volts in the case of piesent countoi with the rare gas-organic vapor admixtuie, 

rNTRODUCT I ON 

There is a Jack of an established theory of the mechanism of spread along tlio 
wire of a self-quenching counter, but it seems generally agreed that the mechanism 
is probably akin to the streamer mechanism of spark breakdown (Meek, 1940), 
i.e. photons released m the initial avalanche produce nearby ionization in the 
counter 1 gas, which is amplified by the radial field and which eventually spreads 
the discharge to both ends of the counter. Recent, investigations of discharge 
between a positive wire and a cylindor in pure argon have shown that photoelectric 
emission from the cathode is the important secondary mechanism, (Colli and 
Facchini, 1954) .No photoionization in the volume is observed in pure argon or 
molecular gases (Huber, 1955). The experiments of Craggs and Jaffe (1947) 
showed that in the case of organic vapour quenched counters, an appreciable 
photoeinission from the cathode cylinder is always operative. Balakrishnaii 
and Craggs (1950) analysed their results of discharge spread velocities in Geiger 
counters, to separate these two mechanisms, but no decision seemed possible. 

The present experiments were designed to separate these contributory processes, 
by rendering the photoionization mechanism inoperative by the use of glass beads 
sealed on to the wire, (Stever, 1942; Wilkening and Kanne, 1942). A detailed 
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investigation of the properties of counters with beads on the wire, due to Curran 
and Kae (1947), has shown that the mam action of heads in localising the discharge 
is due to the reduction of the electric held strength in the vicinity of the beads. 
Held plots hi the electrolytic tank were made and substantia led the experiments 
with the counters. No electrostatic charge need be invoked since conducting 
beads were found to be as efficient as insulating beads in securing localization 


The charge generated per unit length of the counter is called Q. ft is compared 
with Q n , the charge per 1 unit length ol the counter ^oquired to charge it to its 
operating potential. Let m be the ratio QjQ <t , For the organic vapour-rare 
gas-filled self- quenching counters the following facts were theoretically predicted 
by Wilkinson (1948) and experimentally verified by Kenton and Fuller (1949) : 

(J) For small overvoltages, the charge generated per unit length ol counter 
depends almost linearly on the overvoltage, which is Ihe difference between operat- 
ing voltage and the threshold, 

(2) At a well defined voltage, corresponding approximately to w. — Q/Qo 
a break in the Q - V curve occurs and the slope drops to half ol its previous 
value. 


The present investigation was undertaken to determine the picture of the 
processes responsible for discharge spread alter the limit, m — I , whether the very 
multiplication process in affected or the decrease m slope lesults from the paitial 
neutralization of the positive space-charge hv the electrons generated m the pre- 
ceding avalanche, since at m - 1, no field is present any more at the "burning 
out" part of the wire. This is accomplished hv employing a multi-cathode single 
anode counter, by initiating the dischaiges in one of the cathodes and detecting 
the discharge m the next cathode, the intervening space was kept at the wire 
potential unlike the experiments of Graggs and Jaffc (1047). who maintained these 
cathodes at voltages n little lower than the Geiger threshold. The present proce- 
dure ensures that what passes across the intervening space arc photons only, flic 
method of experiment was to irradiate an exlremr cathode by carefully collimate, 
gamma-rays from radium and to dolermine the probability of discharge spread 
by counting coincidences between the h radiated cathode and the nox . f.a o c 
versus overvoltage. Indicating a as spread probability, we get 


Number of coincidences in A and B 

<* -* Impulses in A -I impulses m B coincidences in A and h 


Then a Avas measured 


! a function ot the overvoltage across the counter. 


The second part of the present investigation consists ol h 1* 

s,ze versus overvoltage in ease of externally coated counters, both sort glass 
pyrex types, to find the role of glass wall on the counter operation. 
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EXP E R J M E N T A L H E T - U P 

The* conn tors cm ployed arc the externally coated soft (Pun and Gill, 1956) 
and jiyrox glass conn tors (Vasin cl ah, 1951) One megohm quench mg resistor 
was used with Hit? external counters. The scales employed v ere arbitrary and did 
not show the absolute values 

The block diagram of the electric circuitry for the measurement of double 
coincidences is given m figure 1. A pulse resulting from discharge, build up in 


'MotOACr/re loasTANce 


XXWWWWKW^WWWWWW W\SA 



Fig. 1 Mock rlmgmm Ibv discharge spiend velocity ineRHUieme'nts. 


one of the short end cylinders (2 cm. long) of the split cathode counter, is put into 
the square wave-shape bv cathode coupled multi vibrator in the direct channel. 
It was about 15 microseconds in duration. The discharge then spreads and m 
one split cathode there is a substantial number of excited and ionized atoms ~ 10 s . 
The excited atoms will return to the ground state, emitting one or more quanta, 
which travel se the gas for a distance determined by an exponential absorption 
coefficient . The next small cathode (9 mm. long) is at the wire poteutinh the 
discharges m the succeeding cathodes only result from the passage of energetic 
photons, since spurious discharges due to scattering and diffusion of electrons 
along a dead-space of 3 nun are absent. The pulse resulting from the third cathode 
was put into square wave shape and then differentiated. The coincidences were 
sought at Lhe output of the diode-coincidence circuit and recorded by the scaler, 
The counter was shielded from background radiation by placing it in an axially 
bored 1" diameter hole in a lead block of 6"x6" area, except at the place of 
irradiation. 







Photoionization Vs Photoelectric Effect in G M Counters 567 

The multicathode. segmented counter employed for separating the photo- 
ionization from the photoelectric effect, was identical with the above mentioned 
multicathode counter, but lor the fact that each ot the 2cm. long cathodes was 
preceded and followed by 5mm cathodes, which were graph iti zee I over a head of 
1.5 mm diameter. These alternate small cathodes (5nun) were kepi at the wire 
potential. 

It has been shown by Curran, and ltac ( l!M7) that, the lines of force between 
the cylindor and the bead cover a length ot the c> linder more tlian three times 
the diameter of the bead. Thus with beads of I 5 mm diameter separated at 2.7cm, 
lines of force from only 2 2 cm of the cathode, per section finish on the bare wire, 
any electron or negative ion formed within the volume bounded by the limiting 
lines of force will be drawn to Ihe bead and not the wire. In this event since the 
field near the bead never reaches as high a value as that a l the thin wire, no appre- 
ciable avalanche is formed and the tube does not give a detectable pulse. Thus 
the use of beads eliminated altogether all the discharges resulting from the axial 
motion of the ultraviolet radiation generated in the discharge. 

Subsidiary experiments were made to assess the importance of random coinci- 
dences which turned oul to be negligible. Tim usual counter tests were applied to 
individual cylinders and tbcii operation was found to be satisfactory over an 
overvolf age of 4-00 volts. 

The double coincidences between tw’o cylinders represent besides the showers 
and the (‘bailees, the coincidences due lo a pholoelectuc cffecl of unabsovbed 
photons from one section to the otliei. 
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OH8EUVATTONR AND DISTIT S SION 

The curves of figures 2 and 3 give the pulse sizes vermin overvoltage for the 
soft glass and pyrex Maze counters respectively . The probability of discharge 
spread versus overvoltage is given m figure 4 for the soft glass counter. 

The curve of figuro 2 is exactly analogous to the Q— V curve of conventional 
type, showing that the soft glass envelop lias no effect upon the firing and subse- 
quent discharge characteristics of it. 


The bend in the discharge spread probability versus overvoltage cuivo, (figure 
4,) is coincident with the bend in the pulse size versus overvoltage at the same 
overvoltage of 200 volts. Moreover, a begins to increase aftci this point corres- 
ponding to m — l. As the photoelectric contribution from the cathode remains 
the same throughout the voltage region of the plateau, as shown bv the authors, 
the observed increase can result, only From photoionization from the gas since 
the latter process requires ultraviolet photons for its operation ; these may have 
arisen from the recombination of the positive ions with their counter part electrons 
after the point w =— 1 The recombination loss can set m only at or after the 
overvoltage corresponding lo m - 1 where momeiilaiilv there is no pull on the 
electrons, as the eletrostatic shielding by the positive ion sheath effectively reduces 
the field at the wire to zero till the shielding cfleet gets decreased with the outward 
motion of the positive ions. 

The curves of figure 3 show the following marked deviations m the behaviour 
of an externally coated pyrex counter, firstly, it shows the intensity dependence 

of tho pulse size, the product n 'jp remaining constant, where n is the counting 

rate and V is the overvoltage, secondly, the bend in the Q- V curve, correspon- 
ding to w — J , is absent , upto an overvoltage of 800 volts. 


Both these anomalies from the behaviour of conventional counters suggest 
the lowering of the applied voltage by tho opposing e m.f set up by the ancumula- 
Hon of the positive ions over the nn.ev surface of the glass wall. It follows from 
the curves of figure 3 that n constant. Tins leads to «Q = CV where C 

is a constant. The opposmg e.m f due to the deposition of positive ion*^. 

= BOY - C, V Where li is the resisiai.ee of the glass envelop and C, w am, the. 
constant. Thus the opposing e.m.1. due to the deposition of positive mns vanes 
linearly with the overvoltage and the point correspondmg to - 
reached. 

The percentage of a versus overvoltage is plotted in figure 5 at three di = 
between the cathodes, between winch the coincidences were studied. It 
from the curves of figure 5 that 
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1/ O C T /7 C £ 

Fig. ,1 Diwchaige nprcuri probabibty vs voltage (or multuaibbodu, segnientod I'omiloi', 

(i) the value of cl keeps the same steady value throughout the plateau 
length of 400 volts, 

(n) the value of a dermises with distance between the cathodes. 

As the voltage is increased, the ultraviolet photons generated per avalanche 
increases. As the photons are generated either from de-excitation or recombina- 
tion, both these processes become more probable as the overvoltage is increased. 
These ultraviolet photons are highly absorbable. Along the wire, however, they 
cause the stepwise propagation of discharge. The absorption coefficient as measured 
by Alder et al (1947) gave the value 040 cm 1 , which simply means that in a counter 
with an admixture of 15rmn Hg of alcohol, the number of’photons have sunk 
down to J/p ol their original flux, after 0.8 mm of the path. As the photons form 
in the immediate neighbourhood of the wire, they are practically completely 
absorbed at 5 mm distance from the wire, the distance along the wire which is 
dead. 

The photons which are responsible for the spread of discharge in the present 
case are not those that are readily absorbable, but those to which the filling gaw 
is transparent. These photons being less energetic cannot ionize the gas, but can 
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liberate the electrons irom the glass wall. Thus those discharges which result 
by such photons across a space of 5 nnu, have photoelectric origin. The presold, 
observations indicate that the probability of generation ol such photons remains 
constant throughout the plateau length, as obvious from the constant value of 
oc. The value of a falls with distance across the two active cathodes, since photons 
are subject to an exponential absoiplion by the tilling gases. The glass wall of 
the external cathode counter gives rise to a photoelectric effect 

The absorption of ultra\ iolet radiation through piiotoiomzalion of the gas is 
the predominantly effective process responsible for discharge spread The photo- 
electric contribution continues to be feeble thioughout the plateau length. 
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ON THE X-RAY DIFFRACTION PATTERN AND MICELLER 
DIMENSIONS OF SOME SUBSTITUTE OF JUTE FIBRE 
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Tollyuunoe, C'ai i’dttv -40 
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Plates XTI1 

ABSTRACT. The X-ruy tliffiucliori juiMoru.s of Mcsta, Almlilou, LHumchyn und AIIjJk- 
Himu fibres used uh jute .subslilulr have been studied in detail. The mlviisir strength ami th\> 
dimensions of the mice Ilea m tlicm.* filnos have been doterm med and M Huh been observed 
that they lire practically of the same oidor of inugnil inlo as these in jute. Of these, Dlntnchyu 
fibres having higher average intrinsic strength have greater mieollor length and this is in agree- 
ment with the conclusion obtained by Ohowdliury and ISirkm (M*4S). Tla* orientation of 
the crystallites of Mestn and Altissimn fibres, about the fibio axis, have been found to bo the 
same as that o I jute fibio, wheions Abutdon has a pooler orientation. In the ease oT Dhanchyu 
the onontntion seems to hi' better tJinn tlrnl of jute 


I K T U () D H (’T I O N 

Next to cotton, jute is the most widely used fibre in the world. From techno- 
logical point of view the bast fibres, Mesta (Bimlipatam jute, Hibiscus Oamiabmus), 
AJtissinia (Hibiscus sabdariffavar altissima), Abutilon (Abutilon Indicum) and 
Dhanchva (Seabaina Aeuloata) are the nearest approach to jute fibres, so far as 
their yarn quality- ratios, intrinsic strengths and other spinning qualities arc con- 
cerned 

Banerjeo and Hoy (1941), Sirkar, Saha and Rudra (11)44), Chowdhury and 
Sirkar (11)48) determined the size of micelles in jute fibre and Chowdhury (ll)fifi) 
observed some correlation between the intrinsic strengths and lengths of the 
micelles, in the directions of the fibre axis. It is not known, however, whether 
any such relation exists in the case of other hast fibres mentioned above, on whoso 
X-ray diffraction pattern no work has yet been done 

The present investigation was, therefore, undertaken to find out the width 
and length of the micelles and whether there is any correlation between the length 
of the micelles and the intrinsic strength of the fibres, in the case of the four bast 
fibres mentioned above. The wddc angle X-ray diffraction pattern and orienta- 
tion of the micelles with respect to the fibre axis of those substitute fibres were 
also compared with those of jute fibres. 
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experimental 

The middle portion ol all the fibres were taken and well-dried after proper 
washing with water. The cleaned fibres wore separated as lar as possible into 
individual filamonts by propor combing and splitting. The intrinsic strength 
or tlio substance strength of the fibres were determined by breaking a bundle ol 
fibres weighing 4 mg/cm and containing approximately 100 to 200 filaments depend- 
ing on the nature ol the fibre. Single thread strength testing machine with a 
special elamp was used for the purpose. The distance between the two jaws 
of the clamps was kept at 7.5 cm Strength of the bundle (F) divided by its weight. 
(M) per unit length gave the mtimsic strength of the fibre. 

X-ray diffraction photographs of intensities suitable lor photometry of all 
the samples were taken in a llat-tilm type camera, with a narrow slit, of diamotor 
0.2 mm bore and length 5 cm OuK radiation filtered by niekel-foi I from a hi adding 
type X-ray tube was used. X-rays were incident normal to the length of a narrow 
bundle of fibres each containing 12 to 15 strands made parallel by combing. These 
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strands were collected from the same regions of samples wherefrom were obtained 
the filaments for determining the intrinsic strengths. Experimental conditions 
for all the samples were made identical as far as practicable. For each sample two 
photographs of the X-ray diffraction pattern were obtained, one with such a 
moderately short exposure that the (002) reflection was not over-exposed and the 
other with a longer exposure to get sufficient blackening due to the (020) reflec- 
tion. 

Microphot ometric records of the (002) and (020) reflections were obtained 
with a Mull-type self-recording mierophotometer and on each record the deflection 
corresponding to infinite density and the unexposed portion of the film were 
recorded. The intensity at any point in the spot was determined by first deter- 
mining the total intensify at that point and then subtracting from it the intensity 
of the background with respect to the unexposed portion of the film Care was , 
taken to allow the spot of light focussed on the film to move along the equatorial \ 
direction. It was also necessary to draw a density-log intensity curve. This 
was done by the method explained earlier by Chowdhnrv and Sirkar (1948). The 
width and length of the micelles in each case wore determined by the usual 
method from the width of the (002) and (020) reflections at the positions having 
intensities equal to half of that at maximum. The observed half-widths on the 
record were reduced to radians by taking into account, the magnification of the 
mierophotometer, the value of the Bragg angle for the particular reflection and the 
distance of the film from llio irradiated sample The values of vi which denotes 
the number of times the unit cell is repeated m different directions, were obtained 
from Laue's formulae (Lane, 1920) used for rhombic lattice. Although the lattice 
of cellulose crystallites in these fibres is moiioclinic, yet the above equation had 
been applied, because the moiioclinic angle (3 (82°) is almost, equal to 90° The 
equation used was, therefore, 


7? cosr 12 — 9 A 


wheie B is the half intensity width of the {hid) reflection in radian and %, M 
is the angle between the incident and icflocted X-rays. m l3 m 2 and m, A denote 
tho number of times the unit cell is repeated along a, b and c axes respectively. 

.1777 

For (002) w 3 = 7D 

“°3 

and 

for (020) reflection, 

.1361 
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where B a and B 2 are the half widths of (002) and (020) reflections in radian, Both 
B 2 and B a were corrected for instrument width, according to the technique used 
earl) or by Ohowdhnry (1955), using Warren’s formula (Warren, 1938). 

The width and length ol the micelles were obtained by multiplying Ihese 
corrected values of m a and m 2 by 7.9A and 10.3A respectively. 

R E 8 V L T S 1ST |) Tj J S (' V S K T O N 

The X-ray diffraction photographs of all the samples studied are reproduced 
in Plate XIII and the niicrophotomefnc records from which the values of the 
half-widths of the reflections (002) and (020) planes were determined are also repro- 
duced in figures 1—4 The curves were smoothed out while these hall-widths were 
measured. The results obtained are given in Table 1 The intrinsic strengths of 
the substitute fibres as determined and the length and width of the micelles are 
given in Table II. 

TABLE 1 

Corrected half-widths of (020) and (002) reflections of the samples 
and the values of w 2 and a/.. 


8 ampin 
studied 

B s m 

radian 

( 'orrcM'tml 

HI j 

Bn m 
radian 

Con nr tod 
fi.. 

lit.. 

Phanohya 

.05 

.048 

4 

014 

.013 

11 

Musta 

.04 

.038 

r, 

.018 

.017 

8 

AUih.-finm 

.04 

.038 

■* 

.010 

015 

0 

Abutilon 

.04 

.038 

c 

.018 

.017 

8 


TABLE II 

Width and length of the micelles iu the different substitute fibres and 
the corresponding intrinsic stiongths as obtained from bundlo test 


Sample 

studied 

Width of 
the mieelloH 

in AU. 

Length of 
tlic micelles 

in A.TT 

Intrinsic 
strength FjM 

am 

10«~ 

gm/cm 

Dlmncliyn 

32 

113 

1.6 

Moata 

40 

82 

1.1 

Atliasima 

40 

93 

1 2 

Abutilon 

40 

82 

1 0 
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It can be seen from Table II that the width and length of the micelles of these 
substitute fibres are practically of the same order of magnitude as those in jute. 
Of those fibres Dhanchya has the micelle-length I J3A slightly larger than that in 
the other fibres, The average intrinsic strength of Dhanchya fibres is also higher 
than those of other fibres studied and front Table II it can be seen that Mesta and 
Abutilon fibres of lower intrinsic strength have got smaller mieolle lengths. This 
fact corroborates the conclusion drawn in the case of jute fibres by Chowdhury 
and Sirkar (1948) that the length of micollo is partly responsible for the strength 
of the fibres. The width of the micelles, however, seems to bo almost the same in 
all the cases. The X-ray diffraction patterns of all the samples studied and re- 
produced in Plate XIII arc typical cellulose 1 diagrams with an onhancod back- 
ground scattering except in the case of Dhanchya. The (101) and (10T) reflection# 
are composite as in the case of jute fibre. The number of spots and their positions* 
are identical in all the photographs. Visual examination shows that the orienta- \ 
tion of the crystallites about the fibre-axis of Mesta and Altissima is practically 
the same as that m jute, but Abutilon has a poorer orientation. In the case of 
Dhanchya fibre the orientation seems to be bettor than that in jute and the back- 
ground is so clear that spots on the first layer line appear and for small exposures 
(101 ) and (101) reflections are slightly resolved, its X-ray diagram may be com- 
pared with that of ramie, a comparatively purer cellulosic fibre. 
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ABSORPTION SPECTRA OF CHLOROANILINES 
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Plate XIV A & B 

ABSTRACT. ' Die absQiptiouspontra of tlm three isoiiiuth iiieta, ortho and puiu chloio- 
unilinos have been photographed in the ultruviolot region under diiforent ex [icriinentiil condi- 
tions. Tho ortho bands are diffuse and fragmentary, whereas tho meta isomer gives a largo 
number of shurpoi bands, as distinct liom the othor similar uison whore tho reverse is the 
oiibq. All tho intense bands m the spectrum ol the pant substance are double headed with 
a separation ol about 18 cue a., each ol these head-, consisting 0 f complexes of close lying 
baud heads m intervals of about 10 cm-* , giving 1 he appearance oi a rotational structure 
us in dibromobcuizone. 

Band heads are measured and analyses are tentatively suggested on tho basis of a 
number of uppru fitu to frcqumoToH ns onumornled below : 


Dinner 

Mot a ohloroambun 

0, 0 band 
3306 J 

Upper Mate fteqneneu h 
272. 488, 781, 958, 1157, 1240, 
1883, 2015, 2111) 

1448, 

Ortho chloroanilmo 

33050 

155, 281, 343. 493, 811, 819, 
1300. 

, 998, 

Para nhloroonilinc 

32578 

208. 35(1. 702 809. 9t8. 



1„ each «« a number oi ground stain bequem .es am identified on Che ,od side of the 0 0 
hand, which are compared with tho Bo.ua.. data A low mtorostuqt remarks on the mud*- 
tion of tho frequencies have been made 

INTRODUCTION 

Among the ^substituted benzene derivatives so far investigated a consider- 
able number possess a halogon atom at least as one of tho substituents, uamej 
diehloro benzenes, dibromo benzenes, fluoro benzenes, ebloro Wo 

toluenes, etc. Cl.loroanUmes also belong to this type oi molecules. The substi- 
tution is by a chlorine atom and a NH a radical in the three dif erent .somer pos.tio 
meta, ortho and para. The experimental investigation on these three derivatives, 
the resuits obtained and their interpretation arc reported m this paper. 

EXPERIMENTAL 

For the meta and ortho isomers Wl '^ 
the same experimental technique lopoi 

. Now in the Department of Pl.ys.es, Sri Vonkateewara University, Trrnpat.. 
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by the authors (1954), is adopted. For the para isomer win eh is a solid at labora- 
tory temperature, a simpler arrangement is adopted which avoids the need of 
maintaining the container and the absorption column at different temperatures. 
A small quantity oft lie pure recryslalised substance itself is contained in a quartz 
to pyrox absorption tube which is evacuated and sealed. For higher temperatures 
the tube is mounted inside a coaxial heating coil wound over an outer pyrex tube. 
The windows of the absorption tube are heated by separate heating c oils in order 
to pievcnt the condensation of the substance on them The spectra are photo- 
graphed on Hilger medium quartz spectrograph using Tlilger low voltage hydrogen 
arc lamp fed by stabilized power unit, as the source of continuous ultraviolet 
radiation Table T indicates the type of study of the tin ee spectra under different 
experimental conditions. 


TABLE T 


Ihonu-Ji 

Luugth of 
iho column 

Temporal lira 
nmgo 

°v. 

1 {ogioil u[ 
the hprelriim 

A" 

Plate 

0, 0 band 
enr 1 

iSluft. from 
ben zone 0,0 
ejn — 1 . 

Mu ( a rliloro- 
aziiliiio 

35cm 

0 to 100 

3020- -2700 

XI VA 

33661 

4428 

Ortho ohloro- 
amlme 

40cm 

30 to 100 

3010 -2860 

X1VA 

33650 

4439 

Para ehloro- 
ttnihtiu 

50cm 

30 to 120 

31 10—2058 

XJVH 

32578 

5511 


M ETA C H L 0 K O A N 1 L J N E 

The molecule meta chloroaniline, wi-CIO 0 U 4 NH a , has one element of sym- 
metry, namely, the plane of the molecule c r, n assuming NH a as a single atom and 
whole molecule planar. Than the molecule belongs to the point group C s . From 
an application of group theory, twentyfive A ' vibrations and eleven A" vibrations 
belonging to symmetrical and an tisym metrical classes respectively are possible. 
In view of the lowering of the symmetry of the molecule, the selection rules of the 
transition in benzene no longer hold good, and the near ultraviolet band system 
should show the characteristics of an allowed transition. Restrictions on the 
permissibility of the appearance of certain vibrations become less. Consequently, 
this spectrum should exhibit a complicated appearance. This is evident from 
Plate XIV. The spectrum represents the electron transition A' —A' . It con- 
tains a larger number of sharper bands degraded towards red. About 95 bands 
are measured and the wavenumber and assignment data ol the bands are given 
in Table II. 
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Fig i. Absorption spectrum of mcla-chloroamline 
Fig. 2 & '{■ Absorption spectrum of ortho-chloroamline. 
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The 0,0 band is located at ,113601 It t, the most intense and persists to appear 
oven at the lowest temperature of the container and the shortest path lengths 
Tins is accompanied on the rod side, apart from others, by t«o bands sepaitted 
from this by 42 and 01 cm- which give a eharaclc.islie appearance to the 
group. Tins repeats with all other intense hands on the violet side. A frequency 
of 131 cm- occurs superposed on some of those bands. These may repiesent 
transitions. The hand at ,33474 on the rod sule of the 0,1) hand with a fre- 
quency difference 187 cm- corresponds to the Hainan frequency (103 ). Taking 
fairly intense bands on the violet side which arc accompanied hv the above men- 
tinned pattorn, as representing distinct, vibrations, the following have boon identi- 
fied as the upper state frequent jcs 272, 4 88, 701. 1)58, 1157, 1240, 144S, 1883 
201 5,21 1G. Some of these frequencies arc cm roUted with the Kaman frequencies 
(Kohlraiisch and Pongratz, 1035) This correlation is shown in the assignment 
column of Table II where the Raman, frequencies are represented by H’ Out 
of the above upper state frequencies 058 and 1157 probably represent totally 
symmetric carbon vibrations. TGI gives a fairly strong band at v34422. A fro- 
quency of this order (702), in the case oi other similar molecules e g. m para chloro- 
tolueuo is assigned to the totally symmcliic C-01 valence vibration No othor 
frequency is observed in this region. 


r rhe benzene (, + (/ (00G) vibration, which splits up in the substituted molecules, 
is known to give two components, one totally symmetric and the other non totally 
symmetric m (he case of all mono-substitutions which belong to the symmetry 
class (' 2H . The nontotally symmetric component is not supposed to alter much 
m ITequeuey and is independent of the natuie of the substitution The other is 
strongly influenced and hence changes in magnitude considerably In the disubsti- 
tuted benzenes the influence of the substituents on each of the components may 
ho quite large and both may differ from GOG Further, in molecules belonging to 
C M symmetry this benzene r+ g vibration splits into two components which are both 
totally symmetrical, unlike the splitting m other disubstitutions of the type 
of symmetry. 

488 and 272 may be the two component* 530 and 408 in the ground state. 
Hoarding the difference frequencies 42, 01 and 131 the Mowing correlations of 
the vibrations in the two states may lie noted. 530 with 488 gives a diifeTcnco 
oi 42 and 408 with 272 gives a value 13G. 

All the intense bands are observed to bo double headed and the components 
are bracketed in Table II. The components are separated by an average m orva 
of about 5 ciu- 1 . This feature is reported earlier in some other subB anees, o 
singly and doubly substituted molecules, namely, aniline, chlorotoluenes, bromo- 
toluenes etc. 
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TABLE II 


Wavenumber 

Intensity 

Separation 
from 0,0 

Assignment 

330S3 

V'VW 

57 S 


33122 

w 

539 


33L41 

vw 

520 


331 1*7 

vw 

464 


33233 

vw 

428 


33240 

vw 

421 


33280] 

33201 ] 

vw bd 
w 

375 

370 

0 — 370 

33335 

w 

326 


33386 

\\ r 

275 


33433] 

111 

228 

0 226, 0 131—91 

33435 j 

m 

226 


33 174 

111 Kt 

187 

0-193 (K) 

33480 

nn\ 

172 

0-131 42 

335261 

m 

135 

0-131, 0-91-42 

33530 J 

m ht. 

131 


335601 

m «t 

95 

0 — 91 

33570) 

Ht 

91 


33570 

V 

82 

0-2x42 

336161 

111 Ht 

45 


336 10J 

Ht 

42 

0-42 

336581 

Sfc 

3 


33661) 

V Ht 

0 

0, 0 

33712 

w 

51 


33749 

w 

88 

0 + 272-131-51 

33799 

w 

138 

0 + 272-131 

33834 

vw 

173 


33846 

m Ht 

185 

+ 272-91, 193 (R) 

33864] 

vw 

203 


33868J 

vw 

207 


33893] 

in Ht 

232 


33895J 

in st 

234 

0 + 272 — 42, 244 (R) 

33930] 

Ht 

269 


33 933 J 

at 

272 

0 + 272 

33949 

vw 

288 


33956 

w 

295 


33970 

vw 

309 


33999] 

vvw 

338 


340Q2J 

vvw 

341 




Wavonumbov 


3 40 a 7 
34000 

341001 

34108) 

34110 

341451 
341 4 Oj 

34208 

34245 


34203 

34327 

34344 

34384 

344181 

34422J 

3444 3 
3448S 

34527 

34557 

34577 

340101 
340 JOJ 

34055 


340001 

31003) 

34735 

34740 

34770 

348141 
348 ] 8 J 

34850 
3480 1 

34001 

34905 

34901 

35011 

350001 

35004) 


"lABLE II ( c ontd,) 


Intensity 

Ni+imii ion 


from 0,0 


— - - _ _ 

til 

390 

vw 

105 

ill bd 

in bd 

445 

447 

ill st 

458 

Ml, 

48 J 

bti 

488 

w bd 

517 

'v bd 

584 

in st 

032 

III Ht 

000 

m 

083 

in st 

723 

st 

757 

st 

701 

vvw 

784 

w 

820 

111 

800 

111 

800 

1)1 

010 

1st 

955 

St 

958 

vw bd 

99 1 

in 

1029 

in 

1032 

w bd 

1074 

w bd 

108-5 

in bd 

1115 

m bd 

1 153 

ill bd 

1157 

ill bd 

1 1 95 

in st bd 

1230 

in st 

1240 

lu bd 

1 304 

vw 

1330 

IV 

1350 

w 

1 399 

w 

1 403 


Assitfnmmi, 

0 ! 488- 01 

0-| 448 2n 42, 408 (K) 

0-1 488 -40 

0 ! 188, 530 (H) 

0 i-j x 272 

0 i 70 J - . J 3 1 

0 I -91, 004 (LO 

» ! 70I-2 X 42 
0-! 701 42 

H 1 701, 771 ( 14) 

O f 058- (31 
0 ,-958 - 91 

0 f 958-42 

0-| 958, 990 (K) 

0 1-701 t 272 42 

» 701 j 272, 1072 (H) 

0 I 1157 2> 42 

0 | 1157 12 

1157, 0 | 1240 — 2 x 42, 1207 (11) 
0 | 1240 -42 

0 [ 1240, 1300 (14) 

0| 1448-91 
0+1448 -42 
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TABLE II (contd.) 


Wrtvmiumbnr 

intonhily 

Soj hit n lion 
from 0,0 

AsHignmont 

“.31 (Ml 

m 

I44S 

0 | 1 44 S, 1.107 (It) 

:m 1 1 rs 

v\v 

14,1.1 


:r. i o-i 

wv 

1.103 


31201 

\v 

1,110 


3537 1 

W l.ft 

1713 

0 | 0.18 t- 7t> l 

3 . 11.11 

w 

1700 

0 { ISS3- 01 

33 Hi 2 

w 

1S0I 

0-1 1883 2 v 42 

H .1,10(1 

w 

IK l.i 

0-j-IHHH 42 

35.14-1 

w 

1HK3 

0 ’ 1883 

35.102 

w 

1031 

0 : 211 If. - 2,42 

3,i(>3(> 

\v 

1071 

0 201.1 - 12 

3,l(’i7() 

\v 

201.1 

0 , 201.1 

3,1700 

w 

2030 

0 1 21 JO 2 12 

3.1738 

w 

2077 

0 ' 21 1<» 12 

3. >777 

nn\ 

21 1(i 

(1 1 21 II) 

3.1821 

111 VI 

1 (.3 
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Unlike the met a spectrum, this foulams a small number of ver\ diffuse bauds 
superposed by a fairly strong eontmmnii. This feature is contrary to Ihe obsei- 
vatiou made in the other similar moleeules, ortho elilorololuene (Visuaiuith, 10153), 
ortho ehJorophenol (llamasastrw 1051) m here the corresponding spectra eontained 
a large number of bands slnuper than the met a isomei . About twenty baud heads 
are measiued and an analysis is suggested in ihe last eohunn of Table 1IJ. 

Ortlioehloroaiuline, like the mcta isomer, belongs to the symmetry class 
(\, but difleLS 111 the direction of migration moment, audit is expected to possess 
all the characteristics ol the group C h . The baud at r 33650 is taken as 0,0. Tlie 
band on the red side at v332K3 giving a frequency value 367 is correlated to the 
Hainan frequency 372. From the analysis, the following upper state frequencies 
are identified on the violet side of the 0,0 band * 155, 261, 343, 61 1 , HIS, 0DK. 1300 
These upper state frequencies are compared with the ground state frequencies 
reported m Hainan effect (herz, 1043), in the assignment column of 'fable 111 

An observation to be noted is a set. of a few diffuse bands at about. A25S0 
These are followed on the violet, side by strong continuum. The wavelengths 
of these are estimated as 


A 2580, 2555, 2545, 2525, 2500 and 2480. 
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These bands are indiealed in Plate XIVA & H. These may relate to a system 
corresponding to the /1 2400 system of benzene 


J 1 A ft A DHL O ft O A N I L [ NT JO 

The spectrum in the first, photographs coufaiued also the bands eharaetens- 
tie of the meta isomer at the violet end Thorough purification of the substance 
and careful manipulation of the experimental conditions resulted m their elimi- 
nation. In general, the spediuni lesemhles that of para dihrmnobenzcne or 
para dichlorobenzonc rather than any othei similar molecules, para chlorotolucnc, 
para chlorophenol. The band head data and their assignment arc represented 
m Table IV. 


Parachloroanilme is a disuhslituted derivative of benzene obtained by a 
substitution of a chlorine atom and the Nil,, radical in the para position. This 
possesses an axis of symmetry along the para positions in addition to the operations 
characteristic of the of.hor two isomers The symmetry is lienee reduced and the 
molecule belongs to the symmetry eluss The spectrum corresponds to the 

allowed electronic transition J, ff. It is expected to show the forbidden part 
also to a greater extent than the other two isomers. 


The 0,0 band js represented by the band at i'32f>78 Though the hand at 
v32874 is the most intense in the speetnuu (0 [ 21)0) this is adopted, since it persists 
even at low Icmporatures and laeiblatos Uio analysis Tins leature is repo.tcil 
earlier m n innnbei ol eases. dibromolienzene, para xylene, etc Each strong band 
is accompanied by a satellite of almost equal intensity on Ilia ml side by an 
avarnuu separation of about I S mil These components arc bracketed m Table 
IV. On the ml side (if the (1,0 band a nntnher id bauds giving liequoncies wlueli 
correspond to the Hainan frequencies are obseivcd Over almost all id those, 
two small frequencies 45 and K4 appear as pi egressions and combinations. Those 
mav be the r transitions. Bands on the violet side are interpreted m terms 
ol live upper state frecp.em.es namely. 2% 35«, 7«2. *<«< <«>'» Tl “' 

stale frequeueies whieh eau be pn.bal.lv assoeialnl will, 111 esc upper state 
frequencies and the Banian frequencies are collected m Table V., whiel. includes 
the polarization data as well This data is obtained bom Kohlraiiseh and 
Paul, sen (11)39). 

A few remarks may be made regarding the l.equemies ohseivcd (Vmbi- 
nations between frequeueies are fiequent, whereas meitoms >' HI - . 

vibrations at about 1000 enf 1 are lournl l« be u-r.v w'eac. i a ■■ ■' ‘ ' 

m that region 04S probably represents one suel, 7h2 ,s sugges i u I - 

queney, sh.ee it eon, pares well with the value, id 0- 11 
similar molecules. In some eases i. « observed wdb similar buntness 
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TABLE III 


Wavonumbor 

Intensity 

Separation 
from 0, 0 

Alignment- 

33208 

VVW 

442 


33232 

vvw 

418 


33283 

VVW 

367 

0 — 367 (372 R) 

33300 

vvw 

350 

33338 

vvw 

312 


33428 

vvw 

222 


33445 

vvw 

205 


33503 

vw 

147 


33519 

mw 

131 


33540 

w 

110 

0-367 + 261 

33619 

si 

31 


33650 

V flfc 

0 

0,0 

33699 

ww 

49 


33798 

vw 

148 


33805 

m 

1 55 

0+155 

33834 

V\TV 

184 


3391 1 

si. 

261 

0 + 261 (261 R) 

33993 

m si 

343 

0 + 343 (372 R) 

34002 

m 

352 


34 14 3 

m 

493 

0 + 493 (559 R) 

34261 

TU 

fill 

0-1 611 (677 R) 

34334 

vvw 

684 

0 + 2x343 

34423 

w 

773 


34468 

st, 

818 

04 818 (836 Jl) 

34523 

vw 

873 

04-61 1+261 

34648 

vw 

998 

0-! 998 f 1023 R) 

34888 

w 

1238 


34950 

in si 

1300 

04-1300 (1305 R) 


TABLE IV 


Wavenumber 

Tntonmty 

Separation 
from 0, 0 

Assignment, 


31750 

vw 

828 

0-828 (820 It) 


31770 

vvw 

808 



31795 

vvw 

783 

0 —097 — 84 


31836 

vvw 

742 

0-697-45 


31881 

w 

697 

0 -697 (705 It) 


31894 

w 

684 
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TABLE IV (could ) 


Wavormtribor 

InXensit y 

Separation 

Ipom 0, 0 

AHsigum"ii( 

31007 

raw 

071 

0-632 -15 

31025 

mw 

653 


31940 

w 

632 

0 -632 (037 14) 

31977 

vw 

601 


31994 

VW 

5H4 


32039 

■SWV 

539 

0 - 406 - 84 —45 

32051 

vw 

527 


32073 

vw 

505 


32089 

mw 

489 

0 — 40' i-8-l 

32103 

mw 

475 


32123 

mw 

455 

0—406— 45 

32134 

mw 

444 


321531 

m 

425 

0-406 (407 11) 

32172) 

m 

106 

32184] 

32199| 

sv 

.194 

379 

0- 379 (379 11) 

32230 

32239 

m 

m 

342 

339 

0-1x81 

322461 

32264 j 

\v 

332 

314 

0 3U (318 It) 

32300] 

32312| 

vw 

278 

266 

0-266 (268 K) 

32324 

v\ w 

254 

251 

0~ 3 \ 84 

32327 

v\ w 





230 

0- 142 84 

32348 

vvw 



32357 

vvw 

221 


32370 

w 

208 


32382] 


1 96 


\v 

1 79 


3 2 399 J 

\\ 

171 

0-2 v 84 

32407 

vv 

163 


32415 

w 


32425 

NV 

153 

142 

0-142 (145 R) 

32436 

mw 

0—84—45 

128 

32450 

inw r 


324791 

m 

99 

84 

0-84 

32494 | 

m 
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32517] 

in 

45 

0 -45 

32533] 

in 


325611 

32578) 

st 

Hi 

17 

0 

0, o 



586 


P* B. V. Haranath and K. Sree B aniamu rthy 


Wavmiumbor 

Intensity 

Separation 
from 0, 0 

AKHipnment 

32630 

w 

52 


32661 

w 

83 


32706 

vv 

218 

0-1-296- 84 

328531 

St 

275 

0-1-356 — 84 

32874 J 

v st 

296 

0 + 296 

32914 

m 

336 


32934 

in 

356 

0+356 

33140 

w 

571 

0-1 336-i 296- 84 

332161 

m st 

638 


33233J 

m Ht 

665 

0-1-356 + 296 

33208 

\V 

720 

OH 809 — 84 

33340 

w 

762 

04 762 

33370] 

w 

792 


33387J 

mw 

SO 9 

0 4 809 

33431 

w 

853 


33476 

IV 

898 


33526 

v\v 

94 8 

0-1 948 

33676 

W 

LOOS 

0+ 809+296 

33707 

V w 

1129 


337391 

nnv 

1 J 6 1 

0 + 809-1 35(1 

33757 | 

mw 

1 179 


33704 

w 

1216 



TABLE V 


Hainan fre- 
quoncuoB 

l)epolari7»itioii 

laetoi 

(bound hLu 1 1 * 
u. V. Abu 

Upper Htate 
11 . v Abs. 

145 


142 


268 


266 


318 

1 01 

314 

290 

379 

0 4 1 

379 

356 

407 

(0 98) 

401) 


037 

0 55 

632 


705 


697 

762? 

828 

0 10 

828 

809 

889 




939 




1 002 

0 24 


948 

1090 ( 0 ) 

0 11 



1092 (ef) 

0.34 
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Absorption Spectra of Ohloroanilines 

Ail examination of the difference between the upper and lower state frequen- 
cies, suggests a correlation of 84 with 379-296. It is interesting to note that, 
828-809 is 19 which is the average separation of the components of the intense 
bands, as remarked earlier. 

further, all intense bands are complexes of close lying bands in intervals 
of about JO enr 1 giving the appearance of rotational structure This pheno- 
menon is observed in para dibroniobcnzene as well. 
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ULTRAVIOLET ABSORPTION SPECTRA OF I, 3, 5- 
1 RICHLOROBENZENE AND I, 3, 5-TRIMETHYL- 
BENZENE IN DIFFERENT SOLVENTS AND AT 
DIFFERENT TEMPERATURES* 

8. B. BOV 

Optics Dkva htment, Indian Association von thk Cultivation 01- 
SoiENCT! i .TaDAVPUR, CALCUTTA. 

(Jieceived for publication, August (>, 1 !lo7) i 

ABSTRACT The iiltravioJot absorption spectra of solutions of I, 3, 5-t.riflilorobonzo^u 
and 1. 3, ri-ti’imuthy] bcuzono, m isobuty] alcohol, Cf') 4 , CHCl# and cyclohexane in tin liquid 
state and those of fiozon solutions m isobut-yl alcohol at — 180°C have boon investigated 
Tlio forbidden 0, 0 band is found to appcnr with mudorule intensity m the spectra duo to 
tho solution in i so butyl ulcoliol, hoth in tlio liquid and in the solid state. The 0, 0 band also 
appeins woakly m the speetiu duo to solutions of 1, 3, o-tn elilornbcnzeno m chloroform and 
cyclohexano and in those due to solutions of 1. 3. G-tvimetliyl benzene in chloroform and 
carbon tctranhloiide. The 0, 0 band, howovor. is absent in tho spectra due to solutions ol 
1, 3, 5-ti iehlorobonzene in e.aibon tetrachloride and m tlio Hpoelra due to the solution of 
1, 3, 5 -trimethyl benzene in cyclohexane. 

It is concluded from the results that the symmetiy of the molecule is disturbed owing 
to tho formation of weak bonds between the cliloiiiio atom of one molecule and hydrogen 
atom of the neighbouring molecule. 


J NT It ODUCTJ <>N 

The near ultraviolet absorption spectra of solutions of the trichlorobonzenes 
and 1. 3, 5-tnmcthyl benzene in liexanc were first studied by Conrad-Billroth 
(1932) and later by Wolf and Strasser (1933). The absorption eoefficients of these 
substances, except those of 1 ,2,4-trichlorobenzene, wore found to have small 
values like that of benzene under similar conditions. They did not, however, 
analyse those absorption spectra. 

The ultraviolet absorption spectrum of 1,3,5-trichlorobenzeno in the vapour 
state was first analysed by Spoiler and Hall (1948). They pointed out that 
as the molecule possesses the symmetry of the point group D 3//J the ultraviolet 
electronic transition A\~ A' 2 corresponding to A lff -B 2V in benzene with the sym- 
metry is forbidden and so the 0,0 band in the spectrum due to 1,3,5-trichloro- 
benzeno in the vapour state should not appear. They ascribed the first strong 
band at 35869 cm -1 to 0-»l vibrational transition coupled to the electronic 

* Communicated by Prof. 8. C Sirkar. 
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transition and a much weaker band at 35073 cur 1 to such a coupling ol* the 1 -»0 
transition. The position of the forhiddon 0,0 band was calculated and found 
to be at, 35498 cm 1 Recently, Bauer |co (1957) has observed that, in the elec- 
tronic spectra of J ,3,5-triehloroben7 ( eue in the solid state at — 180°C the forbidden 
0,0 band appears with weak intensity. Ho concluded that the three-fold axis 
of 1, 3, 5-trich lorobonzone is destroyed m the solid state at - IS0 l C Tt has hoen 
pointed out by Banerjee (1957) that probably formation of in ter molecular bonds 
may be responsible lor the deterioration ol synnuetiy of the molecule in the solid 
state. 

The hypothesis put lor ward by Banerjee (1957) eoulcl be tested by studying 
t lie influence ol envinmment on the absorption speetium of the molecule. The 
object of the present investigation was to studj the mlhience of the held due to 
molecule of different solvents on the absorption spectra of solutions ol 1,3,5-tii- 
chlorobenzene m liquid and solid states 

Hponer and Stalleup (MMK) also auaUsed the absorption spectrum ol 1,3,5- 
iruimthyl benr.ene m the vajiour slate and the 0,0 hand was found to be absent, 
as in the ease of 1 ,3,5-tiichlovobcuzene Sen (1957) lias obsened that in this case 
also the 0,0 band appeals when (he substance is frozen and cooled to lSO n R. 
This molecule does not contain am chlorine atom and therefore, it would be inter- 
esting 0) tin* l out whellier dilieicnt em lnmmciits have the same mthience on 
the absoiptnm spectra m this case as m the ease of 1 3,5-trichloiobenzene The 
absorption spcetiu ol solulions of I 3, 5-lrimelhyl benzene m different solvents 
have, therefore, been studied 1o Imd out the mnueiicc of different enviionments 
on the spectra 


R \ I’ IS III M K N r r A b 

The experimental arrangement m the |-<-«e,K u, vestigiUm,, was the 
, (escribe, I in „ pre.vnms ooinmmneali.m (lint , 1900). pure samples 

„f ] 3,5-,riehlornhcmsene uhlan, cl hum Haslman Kodak Co . N. V and ot U..>- 
Irimethyl bon/.em- (■ncsilylcm,) from B I) H accuse,! in the presrnt invest, K atmm 
The solvents used were isobulvl alcohol. CCI,. CHCl,, ami eyelohe.xanc m 
-purity of the solvents neve tested by studying their ultraviolet absorption spurti, 
The, I 8. S-triehlorobenzene uas mrysialbsed from the solution mother 
I l,c other liquids were distilled unde, .educed pressure before use the absorp- 
tion cell used was simdur U, that described iu au earber pape, (Hoy, H ) a > 
was :t unu. lluek m this ease. The , oneeutratioi, of the so . mu -01 ^ 

u eight in each ease. Speet.ro, wains a ere obtained wtfh a Hdgar n,«kam mu U 
spectrograph. An iron are spectrum a as used for comparison 1 1» i £ ” 

,L absorption bauds we,e measured with the help ot nuerophoU, menu 
explained earlier (Roy, I9n0) 
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R E 8 IT L T S 

The mieroph otometric records of the spectra are reproduced in figures 1 
and 2 and the wave number of the bands with approximate intensities and probable 
assignments are given in Tables I — TV. 

DISCUSSION 

7. J. J - Trick lorobe nzmc : 

It can be seen from Table 11 and figure 1(a) that the first strong band at 
:h>782 cm 1 in the spectrum due to the .01% solution in isobutyJ alcohol m frozen 
state at — 180°C is accompanied by two much weaker bands on the long wave- 
length side at distances 370 and 71)1 cm -1 respectively. If this strong band at 
35782 cm' 1 were assumed to be duo to 0,0 transition, then distances 370 and 701 
enr 1 of the two bands on the red side would represent ground state vibratipn 
frequencies. The hand at the distance 370 cm 1 would then represent l->() 
vibrational transition of a particular mode and in that case mc would expect a 
stronger band on the short wavelength side at a distanco less than 370 cm 1 due to 
the corresponding 0— >1 transition As no such band is observed, the band at 35782 

TABLE I 

Absorption spectra of 1,3,5-trichlorobenzene at 30°0 


.01% Solution 01% 8o]iition 01% Solution 01%, Solution in isoluityl alcohol 
in carbon in ryrlolmximo m rhloioFonn 


tctmchlui ulrt 

v in cm” 1 

v in om -1 

v in cm” 1 

v in cm” 1 

Assignment 

35665 (h) 

34970 (vw) 

34845 (vw) 

34979 (vw) 

0--42J 

36051 (w) 

35372 (vw) 

34263 (vw) 

35400 (w) 

0, 0 

36(119 (vs) 

35742 (s) 

35663 (h) 

35770 (h) 

0-1-370 

37639 (h) 

36129 (w) 

36010 (w) 

36142 (w) 

0 r 742 


36699 (h) 

36600 (h) 

36370 (rn) 

0 + 970 


’7767 M 

37570 (s) 

36521 (nil 

04 1121 


3 SI 20 (vw) 


36736 (vs) 

3701-070 


38733 (vw ) 


37710 (m) 

04 370 4 970X2 




37807 (m) 

0 + 370 + 970-1 1 121 




38600 (vw) 

0 + 3704-970x3 




3 8970 (vw) 

04-370 X 2 |-0 X 97< 
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TABUS II 


Absorption 

spof.tva of 1 ,:j,5 

-tviohlorobeiv/.eiio 

Vapum 

(Hponor anti Hall, 1948) 

Kco/im i .solution 
ul 

01% 

rn jKdbuly] iilroliul 
- J SOT 

v m cm™ 1 
(prominent IuuuIh) 

v m rin-J 

Afwimmmnt- 

35073 (ms) i -> (i 

3 ill'll fAAt) 

0-421 

3540S (i-alculalotl 0, 0) 

35412 (m) 

0 . 0 

35809 (va) 0 -» l 

35782 (nl 

0 , 370 

36742 (v*) 

311155 (m) 

0 ! 3"!)/ > 

313774 (hcI) 

30372 (tt) 

0 -I- 97 u 

30832 (vh) 

36458 (w) 

0 1 104b 

36904 (ml) 

36993 (Ml) 

30533 (w) 

307 5? (p) 

0i 1121 

(H 370 4 - 070 


30003 (4 

U 1 1401 


37273 (tt) 

04-370 l- 1401 


3772,2 (m) 

0 1 370 1 070 v 2 


37807 (s) 

0 ) 1491 4 070 


3 8404- (in) 

0-1 ?> 3704-2/070 


38014 (in) 

04-U01 1 0704 1040 


cm 1 cannot be the 0.0 blind. In the .spectrum due to the vapour the 0,0 band 


is forbidden (Spoiler mill Hall, 1948) and the first strong band is due to a 0-+ 1 
vibrational transition couplod to the cleetronie transition Ho, the first strong 
baud at 35782 cm' 1 eorresponds to a similar 0-»l transition in the present case. In 
tlio spectrum due to .01% solution at low tempeiatuio an extra weak band at. 35412 
(in- 1 is observed at. a distance 370 cur 1 oil the longer wavelength side of the band 
at 35782 cm' 1 if this band at 354 12 onr 1 is taken as the 0,0 hand in the present 
case, the strong band at 35782 cur* has to he assigned as 0-> 1 vibrational transition 
and in that ease the weak band at 34991 cin'< would bo due to the. ^ey^mg 
1-0 transition of ground state fmpiency 421cm 1 . Sponer a-id Hall (U48 
also observed such a weak band at a distance of 79B enr 1 on the red side o the tot 
strong band and a similar assignment was made Ho, it appears that in the spoo- 
(rum due to .01% solntion is isobuty) alcohol at low temperature, 
not totally forbidden, but it appears with weak intensity. ion t p 
is analysed with the band at 35412 enr 1 as the 0,0 band, a 
370, 970, 1046, 1121 and 1491 cm-’ is obtamod and it is sum i <> 


m the case of vapour, 
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34000 35000 38000 - 40000 

v in cm ~J — > 

Fig. 1, Microphotometrie roeorda of ultraviolet ubsoiption .spectra of, 1 .3,5-ti‘Johlrir 
benzoin* in different aoKcntn and at dif/nent foiuperutureR 

(a) Frozen 01% Solution in isobutjl alcohol at — 180 r ‘C\ 

(b) Liquid 01% Solution in laobutyl alcohol at — 30°C. 

((') ■ 01% UCI 4 at — 30°C. 

(d) 01% CIiCl 3 

00 01% . cyclohexane 
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‘d>000 3HOOO 10000 

v in cm 1 — > 

Ki|r _J Mieiopholometrie icoordnot ull i<»lo( tdiHorpt ion sportm ol solutionnot 1, 3. 
lrmiot,hyl-boii 7 ene in different hoI vents und «1 ildleiont. tivmoeriduioH 

pi) Frozen ,01% Solution m lfiobutyl idcobol id, — IH(I°C I > 

(1.) Liquid 01% - • ■'< ^ rC 

(e) . . 01 % •- - 30 ° C * 

(d) .. .01% .. a t -30“C. 

(ti) >01% •• . rycloheXHiiP ut — 30°fJ, 
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It can be seen from figure 1(b) that the spectrum due to .01% solution in 
isobutyl alcohol in the liquid state is almost identical with that due to the frozen 
solution, but the 0,0 band is at 35400 cm -1 . So, in the former case, when the solu- 
tion is frozen, the 0,0 band shifts only by 12 cm -1 towards shorter wavelengths, 
but when the substance is dissolved m isobutyl alcohol, the 0,0 hand, which is 
absent in the spectrum due to vapour, appears with moderate intensity and its 
position is shifted by about 08 cm -1 towards red side from its position in the 
spectrum due to vapour. Recently, Banerjee ( 1 957) reported the appearance of 
the forbidden 0,0 transition with weak intensity in the spectrum due to 1,3,5- 
tn chlorobenzene in the solid state at -I80 D 0. He concluded that the symmetry 
of the three-fold axis in 1,8,5-trichlorobenzonc molecule is disturbed by the inter- 
molecular force in the solid state at — 180°C The results of the present investi- 
gation show that such deterioration of the symmetry of the molecules takes place 
even when the molecule is dissolved in isobutyl alcohol at the room temperature \ 
This indicates that probably this molecule forms weak bond with the isobutyl' 
alcohol even in the liquid state. 

On comparing the spectrum duo to this solution with the spectra due to solu- 
tions in CCI 4 , OHCf, and cyclohexane reproduced in figures 1(c), 1(d) and 1(e), 
it is found that the 0,0 band is absent in the spectrum due to the solution in 
C01 4 , but it just appears with very low intensity in the spectra duo to other two 

TABLE 111 

Absorption spectra of l ,3.5- trim ethyl benzene at 30°(- 


.01% Sol. in 
carbon tetrachloride 

01 % Sol. 01% Sol. m 

m cyclo- chloroform 

hexane 

01% Sol. in 
isobutyl alcohol 

v in cm" 1 

Assignment 

v 111 urn -1 v 111 cm" 1 

Assignment. 

v in cm -1 

Assignment 

36096 (w) 

0 , 0 

35849 (vw) 36208 (w) 

0 , 0 

35849 (vw) 

0-517 

36538 (sj 

0 4 442 

36713 (s) 

0+445 

36366 (w) 

0 , 0 

3706.“) (tn) 

0+971 

36807 (h) 37224 (m) 

04 958 

36807 (vs) 

0 + 441 

37512 (s) 

0+ 442 + 97] 

[ 37246 (m) 37681 (a) 

0+958 + 445 37246 (m) 

0 + 441 y 2 





37330 (m) 

0 + 064 



37330 (m) 38127 (m) 

38767 (s) 

38628 (w) 

38294 (m) 

0 + 445X2 
+ 958 

0 + 2x958 
+ 445 

37767““ (s) 

38294 (m) 

38744 (m) 

0+441 + 964 

0 + 964x2 

0+964x2 

+441 


39185 (w) 0+064x3 


38744 (m) 
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TABLE IV 

Absorption spectra of 1 ,il,t3-trimcthyl benzene 


Vapour 

(Sponor aucl iStallrup), 

Ki'OZhu hoIu1m.ni 
01% 

in hiobulvl alcohol 
nt - 1 80°( 1 

v in cm~i 
(Proixmicmt bands) 

v in nm-i 

Assjunmonl. 

3604J (vw) i-*o 

35922 (w) 

0-523 

36557 (calculatod 0, 0) 

36115 (ui, 

0, 0 

37000 (s) 0— > 1 

36MS0 (vs) 

0 1 IU 

3706K (e) 

37414 (s) 

0 -1 960 

38300 (run) 

3785S (\w) 

0-| 000 ! 414 


3 82 88 (ni) 

0 1 444 V 2 I 060 


38370 (tn) 

(1 ! 0(i0 , 2 


38820 (m) 

OP 060, 2) 141 


3034() (m) 

0 [ 060 r. 3 


30700 (w) 

0 1 060 3 + 441 


solutions Lt seems, therefore, that when the solvent molecule docs not contain 
any hydrogen atom, the 1 .ILn-tiiehloiobcnzene molecule dissolved in it, retains 
its three-fold axis ol symmetry This fact indicates that the weak bonds men- 
tioned above, arc formed through the chlorine atom of the 1 ,3,5-tnehlwohcnxenc 
molecule and the hydrogen a, tom of the solvent molecule. The bond becomes 
strougei in this case of the solution m isolmtyl alcohol because ol the presence 
m the solvent molecule of Oil group which reacts strongly with the chlorine 
atom of the trichlorobenzene molecule 

It ,s also probable that when such « l»»id » funned with mio rhlo.ine atom of 
the molecule, the reactivity of the other two chlorine atoms to form such bom 
diminishes bo that an asymmetry is introduced m (he molecule 


l ,8,5 -Trimethytbenzcn? : 

The nea ultraviolet absorption spectrum of 1 ,3.5-lnmethyl honsene in the 
vapour state was a,so studied by Spouor and Stalleup (.918, They ^ 
that if the methyl group in the molecule were considered as a b.g atom, th 
cule of 1 ,3,5-trimethyl bemene would also belong to the ^ " 

0,0 band would be forbidden. They ^ 
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0,0 band and found it to be at 36557 cm^ 1 It can be seen from Table IV and 
figure 2(a) that the first three bands in the spectrum due to .01% frozen solution 
of 1 ,3.5-truneth\ Ibenzene in isobutyl alcohol are similar to the corresponding 
bands in the spectrum due to frozen solution of 1,3,5-trichlorobenzcno. Hence, 
in this ease also the second baud irom the, red side is to he assigned as the 0,0 
band as m the ease of I 3.5-frichlorobenzone. Analysis ot the spectrum made 
with ttie assumption that the second band is the 0,0 band is given in Table IV. 

The spectra due to .01% solution of the substance in isobutyl alcohol, 0CI 4 
and CHC11 m in the liquid state at 30' 0 which are rcpiodmed in figures 2(b), 2(e) and 
2(d) respectively show the presenee ot the 0,0 band, although this hand iH rather 
weak and diffuse 111 the spectrum due to the solution in cyclohexane figure 2(e) 
the 0,0 hand is totally absent Tt, therefore, appears that when the molecule 
of the solvent contains a chlorine atom or an OH group, the symmetry of the 
trimethyl benzene molecule dissolved m these solvents is slightly disturbed anq 
so the 0,0 hand appears with a small intensity . The formation of weak lntermole- 
cular bonds in the solution is thus definitely established by the lesults of the 
present investigation 


\ (' k N () AY I. K IM! AT 1C V 

The author is indebted to Frol. S O Sirkar, D.Ke F N.l. lor Ins kind interest 
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THERMAL CONDUCTIVITY OF BINARY AND 
TERNARY MIXTURES OF HELIUM, ARGON 
AND XENON 

S <■ SAXENA+ 

Indian Association ifou tjik cultivation or Scikncu, Calcutta -‘.12 
( Received for publication , June It, 1 957) 

ABSTRACT. The thermal conductivities of Uie binary gas mixtures A — Ho, A Xe 

imd Ho- -Xo have boon determined for various runreut rations by using the ‘liot wiro’ method. 
Tlio experimental values of thermal rondwtivity are m good agreement with the values eal- 
culntoil on the Uhapmun-Euskog theory for the Lennaid -Jones 12- (i model. Tlie oxpori- 
mcntal data over the entile range of eoncontrution for ouch nuxturo have boon loruiuluted 
by means of an empirical equation containing two constants These expressions will be of 
grunt use for gas analysis in the usual experiments on diffusion and thermal dilfusmn A 
simple modification oi tlio Lindsay- Bromley formula suggested by Srivnbtava and Snxena 
is found to reproduce the experimental data extremely well. The thermal conductivities ol 
the ternary mixtures of argon, helium and xenon have also boon measured. The experimental 
values are found to bo m good agreement with those eulculutod on the basis ol a simple formula 
suggested by Smustavu and Saxauu Tho lutlcr is obtained us an extension of the formula 
suggested bv Lindsay and Bromley for binary mixtures. 


1. INTRODUCTION 

Recently Srivastava and Saxeua (1957a) havo reported the thermal con- 
ductivity data for tho binary and ternary mixtures of neon, argon and krypton. 
Two different types of hoi wire cells were used by them which differed from each 
other essentially in the details of insulating the wire from the metal body of the 
cell. Jn one design a commercial metal to glass seal was used, while m the second 
a perspex seal served to insulate tho axial wire from the metal tube Jn the 
present investigation the latter design of the conductivity cell has been adopted 
m view 1 of the fact that the accuracy in the construction ol this type of cell is 
relatively larger as perspex can be worked on a lathe with precision. 1 he method 
ol preparing the mixture and of measuring the conductivity is exactly the same 
as described in a previous paper by Srivastava and Saxena (1957a) 

The present report deals with the measurement of t henna] conductivity 
of the binary mixtures : A- Ho, A -Xo and Hc-Xe; and the ternary mixtures 

tlWnt address^ Research Associate, Institute ol Molecular i’hysa*, University 
ol Marrylaad, Marry land, U.fcJ.A. 
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of A— He- Xe. This work lias been primarily undertaken with a view to testing 
the scheme proposed by Srivastava and Saxena (1957b) for predicting the ternary 
conductivities when the binary ones arc known. These measurements will also 
serve to check the appropriateness of the Lindsay -Bromley formula and of its 
modification suggested by us (1957a) for the thermal conductivity of a binary 
mixture. 


2. E X TjjE R 1 M E N T A L RESULTS 

The gases used in the present investigation were supplied by the British 
Oxygen Co., England; argon and helium were quoted as speetioscopiea,lly pure 
while xenon contained traces of krypton. The current through the. conductivity 
coll was determined Ihis time by measuring the potential difference across ’a 
standard 0.1 ohm resistance of manganiii manufactured by LoedB and Northrop 
Co., I7.S.A . The constants of the cell were determined as explained by Rrivastava 
and Saxena (1957a) and are recorded in Table 1. 

TABLE I 

Constants of the conductivity cell 


Length of thu cell wire (21) 

. 5 301 ern 

Radius of the cell wire (r, ) 

0.01006 cm. 

Tntomal diameter of tho tube (2 ru) 

.* 0 3030 cm s 

External diameter of the tube (2 r 3 ) 

o rma cm. 

Resistance of the coll wire at the bath 


tompomture, 38°U (R 0 ) 

0 20005 ohm 

The temperature coeffit lent of resistance 


of platinum wire (ct) 

. 0 003150°C-i 

The mean thermal conductivity of the 


platinum wire (\) in cal. cm" 1 see.-* deg - 

0 168 

The coll constant (1 — (?) 

. . 0 9965 . 


The theory of the hot wire method, as developed by Kannuluik and Martin 
(1934), has been utilised to calculate the thermal conductivity of gases and gaseous 
mixtures These apparent values of the thermal conductivity arc found to he 
independent of pressure m the range from (3 to 20 cm. of mercury indicating a 
complete absence of convection and negligible temperature jump effect in Huh 
range of pressure Wc have, therefore, taken the observation at a pressure <4 
10 cm. of mercury The conductivity values were then reduced to the hath 
temperature and corrected for radial flow, radiation and wall -effect to give the 
conductivity, K' To correct for any possible asymmetry in the construction 
of the cell, the cell constant, 0, occurring in the relation 


K — K'(\—C) 



Thermal Conductivity of Binary and Ternary Mixtures 599 

was determined by assuming as standard the conductivity of argon given by 
Kannuluik and Carman (1952) The values of conductivity Jv\ alter applying 
all corrections, are given in the last column of Tables II, III, and IV for A -He, 
A— Xe and He— Xe gas mixtures respectively at 38°0 and plotted m ligure 1. 
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TABLE II 
A — He mixture 


% of tho 
honvior 
component 

Current I 
(m milli- 
amp.) 

It ~lt 0 
(in milli- 
ohms) 

if tt xio r * 
cal. cm -1 

80O.~ 1 

dog.-i 

K' u x 105 
at bath 
tempera- 
ture. 

K'x 103 

JCxlOG 
oal. cm - * 
sec.-i 
dog -i 

0.0 

613.25 

1.72 

38.20 

30.05 

37.70 

37.53 

14.12 

513 96 

2.36 

27 51 

27.36 

27.05 

26.93 

23 . 02 

512.89 

2 78 

23 . 00 

22.86 

22.57 

22.47 

41.64 

512.06 

3.96 

15.82 

15.68 

15.45 

15.38 

60.84 

511 36 

5.65 

10.69 

10.55 

10 42 

10.37 

83.98 

510.80 

8.51 

6.81 

6.68 

6 CO 

6.57 

100 0 

359.60 

5.87 

4 51 

4 45 

4.40 

4.38 




TABLE 111 





A 

— Xe mixture 



% of the 
heavier 
componont 

Current I 
(in rmlh- 
mnp.) 

b~~h 0 

(in milli- 
ohms) 

K u x 10-> 
cal. cm -1 
see.- 1 
rleg.- 1 

K'u x 10^ 
of hath 
tempera- 
ture. 

K' X 10 - 

K X 10‘- 
cal. cm" 1 
sec. -1 
deg.- 1 

0.0 

359.60 

5.87 

4.61 

4.45 

4 40 

4.38 

17 57 

355.71 

6.96 

3 58 

3 53 

3 49 

3 47 

32.31 

286.30 

5.12 

3.00 

2.97 

2.93 

2.92 

50 23 

286.42 

6.04 

2.42 

2.39 

2 J35 

2.34 

67.27 

291 25 

7.22 

1.99 

1.96 

1.93 

1.92 

75.17 

290.54 

7.65 

1 82 

1.79 

1.76 

1.75 

83.39 

238.40 

5.37 

1.68 

1.06 

1.64 

1 63 

100.0 

279 92 

8.41 

1.41 

1.38 

1.36 

1.35 
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TABLE IV 
He— Xe mixture 


% of the 
heavier 
component 

Current T 
(in inilli- 
amp ) 

Ji — lt„ 

(m imlh- 
ohmu) 

A u ] O'* 
cal. im" 1 
soc;.-t 
deg -1 

K'„ /. L<)5 
ut lmtli 
tempera- 
ture. 

K' A HU 

K \ 1 0 f> 
cal. cm -1 
see.- 1 
dog.^ 1 

0.0 

513.25 

1.72 

38.20 

38 05 

37 70 

37.53 

11 39 

529.73 

2.6] 

26.40 

26 24 

25 93 

25 82 

26.03 

528.81 

3.85 

17 41 

17 26 

17 01 

16.94 

34.60 

530 01 

4 87 

13 62 

L3 47 

13 26 

13.20 

49 63 

530 . 43 

6 93 

9 29 

9 15 

9 02 


63.33 

030 62 

9 76 

0 41 

0 27 

15.19 

6.16 

89.91 

528 43 

20.72 

2 65 

2 53 

2 493 

2 48 

100.0 

279 92 

8 41 

1 41 

1 .38 

] . 36 

1 , 35 


3. COMPARISON 0 1? THEORY AND EXPERIMENT 

On Ohapmaiv-Enskog theory the thermal conductivity of a binary mixture 
ot monatomic gases to the first approximation | A„ lw .]j can he written m the form 

1-^maJl ~ X ~Y ■ ■ (^) 

The expressions for X, Y and Z have been given by Hirsch folder, Curtiss and 
Bird (1954) in a form suitable for computation and these have heon utilised to 
calculate the thermal conductivities of the bniarv mixtures For theoretical 
computation the Leonard -Jones 12-G model 

= 4e 1J |(r^/r) 12 - (r^r)*], ... (2) 

has been utilised, where the terms have their usual meaning For like interac- 
tions the values of the potential parameters given by Hirschfeldcr, Bird and Spotz 
(1948) were used. For unlike interactions the values given by Baxona (1955) 
wore utilised except for He-Xe, for which the usual combination rules, viz , 
geometric mean rule for e 12 and arithmetic mean rule lor r 13 have been used, 
Figures 2, 3 and 4 show a comparison between calculated and observed values 
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IWrntagH of argon 
Fig. 1 


of conductivity as a function of composition for A — He, A- Xe, and He— Xo 
gas mixtures respectively Observed values are denoted by circles and cal- 
culated values bv full line curves. The agreement between theory and expen- 
inent is seen to be very dose In general, the deviation is nowhere greater than 
one per cent and is of the same magnitude .as the difference between the experi- 
mental and calculated values of the thermal conductivity foi pure gases. Thus 
on the whole these measurements confirm the validity of the Chapman -Enskog 
theory and the adequacy of the Lem iard -Jones 12-6 model together with the 
potential parameters used. 

4. DISCUSSION 0 V B 13 8 V L T S O N HINA R Y M 1 X T V R E 8 

Srivastava and Saxena (1957a) found that an equation oi the type ori- 
ginally suggested by VVassiljewa (1904), 
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K ni * = — +— ^ ... (3) 

i-MuJ 1 + A **l 

is adequate to represent tlic data, on Ne “A, Ne - Kr and A— Kr gas mixtures 
over the entire range of eoneentration within one per eent if the constants A Vi 
and A ZJ are properly choscu Equation 15 is also very convenient for finding 
the composition of a mixture from its measured conductivity as is often required 
in gas analysis. From our experimental data vve have found the, following ex- 
pressions for the three mixtures investigated here 


A-Xe 


A He 


He — X e 


1.35 

4.38 

1 + 1 110^ 

_|_ 

1+1.553 X A 

‘ r i 

*2 

4. 38 

^ 37.53 

J +0.0842*® 

1 | 3 243 X - 1 

+ 

x \t 

1.35 

+ 37.53 

1+0.101 ,x ’ 2 

1+3.870 - 1 


which are accuiate and better than one per cent 

Lindsay and Bromley (11)50) have given an empirical formula for the binary 
thermal conductivity of the form of Eq. 3 where A V1 is given by 


A 


1 _ l ! Vi_( \ 3 " (l + SJTn^y (L + SJT) 
^ \ M, I (1 + 8jT)I J "(H SJT) ’ 


( 4 ) 


and ?/j, t} 2 and S l9 S 2 aie fbe viscosities and Sutherland constants of the two 
components respectively aV IS j is assumed U> he the geometric mean of S 1 and 
A 2l is obtained from A V2 by interchanging the subscripts. Actual calculation 
using equations 3 and 4 shows a discrepancy of the order of five per cent for 
A— He and A- Xe, while ten per cent for He— Xe From a close examination 
of the Enskog’s formula lor the binary thermal conductivity, Srivastava and 
[Saxena (1957a) suggested the following modification lo the Lindsay-Bromlcy 
formula . 


X 1 1 

- A ' 2 1 

C'( X.A',)'* 

*1 

1 -f 1 



where (° is a constant which can be calculated if the conductivity at one composi- 
tion is known. From our experimental data wo find the values of the constanl 
O' for the three gas pairs A -He, A— Xe and He— Xe as —0.299, —0.263, and 
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1.025 respectively .Values of the conductivity calculated from equation (5) together 
with (4) are found to agree with the observed values to within one per cent. 


5. EXPERIMENTS WITH TERNARY GAS MIXTURE 

Recently, Srivastava and Saxena (1957a) have reported the thermal conducti- 
vity of the ternary gas mixture No- A— Kr. They (Srivastava and Saxena, 
1957b) found that if the constants A n and A 21 of equation 3 bo determined 
experimentally , then the ternary conductivities can bo predicted with consi- 
derable accuracy by the simple formula obtained by generalising equation 3. 


* . £ 

Jv nmr — ~ " 

1+A^^ + a,^ 

X ! 13 x , 






... ( 6 ) 


lhe computed values ol the thermal conductivity from equation 5 wore found 
to be in good agreement with the observed values for the case of neon, argon 
and krypton gas mixtures. In the present report we have measured the thermal 
conductivity of the ternary mixtures of helium, argon and xenon with a viow 
to collecting additional information on the suitability of equation 5. 

The experimental data on the ternary gas mixtures of helium, argon and 
xenon are recorded in Table V for different compositions of the mixture Each 
mixture was prepared afresh and no fixed order of mixing tho gases was followed. 


TABLE V 

Thermal conductivity of ternary gas mixtures of argon, helium and xenon. 


Calcu- 

lated 


%Hb 

%A 

o v n 
/n AO 

Current 

I (lUilll- 
amp.) 

It — lt 0 
(lTUlll- 
ohiria) 

K n X 1 O'* 
cal. cm -1 
soo. - * 

d«8 - 1 

fy' u X lo- 
ut bn tli 
tempe- 
rature 

K x 10* K xlOG 
from 
equation 

(3) 

cal. cm~ J 
soc.~ J 
defr.-l 

1 1 . 38 

14.03 

73.07 

524 . 05 

18 30 

3.011 

2 . 889 

2.830 

2 827 

19.07 

18 00 

02 33 

524.03 

13 79 

4 119 

4 072 

4 004 

3,986 

39,01 

30.75 

24.24 

523 1*2 

7.13 

8 75 

8.61 

8 45 

8.36 

32 . 02 

00.65 

7 . 33 

522.52 

7 13 

8 73 

8 59 

8.43 

8.36 

08.01 

18.80 

13.19 

523.13 

3.83 

17.10 

16.95 

16.62 

16 44 


2 
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The conductivity values reduced to the hath temperature (38°C) are recorded 
in column 7 of Tabh V while those corrected for radiation, radial flow, wall effect 
and lor any asymmetry in the construction of the cell, are listed m column 8. 
Utilising the values of A Vi and A 21 for theso mixtures given in section 4 the thermal 
conductivities of the ternary mixtures have been calculated from equation 5 
and the values so obtained are listed m the last column of Table V. 

In Table V thore is one very interesting point to notice. The mixtures three 
and four, though of widely different compositions, have the same conductivity. 
It will he a fairly critical test of equation 5 to see whether or not it also gives the 
same value of conductivity for these two mixtures. Calculation from equation 
5, however, fully confirmed this prediction. For the remaining mixtures also the 
agreement between theory and experiment is fairly good, the deviations between 
the two sets of values being always within the limits of experimental error. Thus 
here again we find in conformity with our previous conclusion that equation !f> 
can he utilised with considerable reliance and is probably the simplest way of 
roadily finding the thermal conductivity of multicomponent gas mixtures. As 
the rigorous theory of multicomponent systems is very complicated and tedious 
for numeneal computation, our generalisation will be extremely useful in the 
absence of computational assistance 
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OPTICAL AND ELECTRICAL METHODS OF MEASURING 
THICKNESSES OF THIN METALLIC FILMS 

Y. G. NAIK and E. M. RAGS AHA 

Gu.tarat College, Aumkuadad 
(Jicceioed for publication, Mir; fi, 1 1*57) 

ABSTRACT Measurement, of bhickuoRM of diom ic'ftlly deposited Him films ol fid vet* 
are made from (i) Ilia study ol the absorption of light and (u) irom the oloctrieul conductivity 
of these film s. It is shown that the thicknesses determined by the two methods are of the 
same order. 


1 N T R O I) U C 'I 1 1 0 N 

Thin films of metals, oxides and other substances are finding increasing ap- 
plications in laboratory and m industry Since the properties ol thin films are 
dependent on their thickness, various methods have been used for measuring 
their thickness. In the present paper we describe two methods optical (ab- 
sorption of an electromagnetic wave) and electrical, which wo used successfully 
for determining the thicknesses of chemically deposited silver films thinner than 
A/ 10 of Na light. 

EXPERIMENTAL 


The silver films under investigation wore all prepared by reduction of silver 
by formaldehyde, from the solution of its salt. The thickness of the deposit 
depends on the time of action of formaldehyde and very fine thin films of silver 
arc obtained, if the solution is throe,, off quickly The above formaldehyde 

process gives uniform and bright films. The uniformity of the films was testa 

by measuring the intensity of a normally transmitted light which remained the 
same for various portions of the film. The films were deposited on optic.all.v 
flat glass plates and the deposit on the hack side of the plate was gently removed 

by HN0 3 . p , 

The polarimctric measurements for the determination of refractive ,n< ex 

of known thickness. Then ue plot t ic vector (rotation of the 

phase of the electric voctor with ™ sp “ ' ° ^ fim( , tjoh of the thickness. Tliese 

plane of polarisation of the men en , w k f aU t b 0 silver films, 

standard curves wore used for measuring the tiuoki, esses 
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DISCUS SrONS 

It will be seen that, when an electromagnetic wave travels perpendicularly 
through a thin layer of absorbing material of thickness l, its amplitude will dimi- 
nish in the ratio 1 : e~ 27rt ^\ If 7 0 and 7 are intensities of the incident and the 
emergent light respectively, then as the intensity is proportional to the square 
of amplitude, we get 

7 = 7 0 e -**»/*. 

This can be written as : 

f = 0°6 it) _/o 10 ^)A 0 

4 mile X 0.4343 

where 

7 0 = intensity of incidont light, 

7 = intensity of emergent light, 
and A 0 = wave-length of light in vacuum. 

The intensities of light transmitted by the films were measured by a photo- 
electric photometer, consisting of a photo cell —a gas filled tube No. 808 R O.A, 
— and a modified D.C. amplifying circuit of the bridge amplifier type, originally 
described by Wynn Williams (1928). 

The incident intensity 7 0 and the transmitted intensity 7, were measured 
for four films, for normal incidence, and the thickness t of each of the films was 
calculated (Table I). 


TABLE I 

Wavelength of light in vacuum = A 0 — 5900 0 A .U. 


Number of 
silver film 

i 

Intensity 
incidont 
on the film T 0 
micro -amps 

Intensity j 
transmitted j 
by the film 7j 
micro-amps. 

, I » 
log 10 j 

1 

| K 0 — (n/c) Tliicknoss oJ 
; silver film 

F L 

315 

220.00 

0.1559 

1.761 

96 A. 

F 2 

230 

90.00 

0.4075 

1.972 

223 A. 

F, 

?10 

40.00 

0.7201 

2.543 

306 A, 

f 4 

275 

16.31 

1.2543 

2.132 

495 A, 


Wood (1947) has shown that correction for reflection would be necessary 

o 

while measuring the transmission only if the thickness is greater than 1000A. 
As the thicknesses under investigation were all below 500 A., no such correction 
is necessary here. This was further confirmed by the straight line plot, through 


origin, of t versus 
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Methods of Measuring Thicknesses of thin Films 

To correlate the thicknoss of those film smeasurod by the transmission (optical) 
method, electrical conductivity method was employed to determine the thickness 
Tn this method, the resistance a of the film for a surface area -Ixb was deter- 
mined accurately by a Kohlrauseh universal bridge. A special holder for hold- 
ing the films was prepared to ensure perfect electric contact. The electrical 
conductivity of the film is then given by cr = ii where U is the cross-sectional 

area of the film; and — = where <r„ -= 571400 the electrical conduoti- 

vity of silver in bulk at the temperature of the experiment. 

Fuchs (1938) has derived two formulae for the conductivity of thin metallic 
films, which are 

(i) ^ “ f+ for thicker films (K >.> 1) 

and (ii) - — f - — lor thinner films (K <-" 1) 

Kc) 

where K — thickness i of the film 

’ Mean free path 1 of electrons in the metal at the given temperature 

Those are modified by Dingle (1950) who does not assume that there is a 
diffuse scattering of electrons at the snrlaee’of the films According to him 

(,_/-) (*»!) 


and 


= 4 (1 -P) 


(JC«1) 


whore P is the probability of an electron being scattered elastically at the surface. 
The values of the ratio a , for different values of K , for a thin metallic film, 

<r 0 

have been calculated from the last tuo equations by Dmgle (1950) for P = 0 
and by Sondheim er (1952) for P — (Table Tl). 


TABLE Tl 


Theoretical 

K i 

valuo of (r - 
ao 


for P = 0 

for P = i 

0.1 

0.212 

0.382 

0.2 ! 

0.333” 

| 0.524 

0.5 

0.520 

0.713 

l.o 

: 0.084 

0.829 

2.0 

0.819 

I 

0.901 
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Tho experimental equation for a is modified by putting 

( 7 0 

t Kxl =r K x 520 X !0“ H , 

assuming tho value of the mean free path of electrons in silver to be 520A. 


The values of 



were calculated for all films for different values 


of K, and graphs of experimental values of ** 


against K were plotted. 


Ori the 


same graph theoretical values of <r - against K were also plotted (i) for P = 0 

°o 

and (ii) for P = bv using the values given by Dingle (1950) and Sondheimer 
(1952) from Table IT. The points of intersection of tho experimental curves 
with the theoretical curves, gave tho values of K, for which both the theoretical 

cr \ 

and experimental values of were identical for a given film. For these values 
^0 

of K , the thickness of the films was determined (Table 111). 


TABLE III 


Filin 

No 

Values of K corres- 
ponding io the point 
of intersection 

J t=K x!=j 

K X 520AU 

Thickness of film 
by transmis- 
sion method 
from Table 1 

A" 


for P = 0 

for P = \ 

for P = 0 

for P - { 

FX 

0.245 

0.167 | 

127 

\ 87 

90 

Fl ! 

0 337 

0 255 ! 

175 

133 

223 

F, ' 

0 542 

0,440 

282 

229 

306 



0.687 



495 


It will thus be seen that the values of the thicknesses determined by the two 
methods appear to be comparable. 
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Plate XV 

ABSTRACT. Debye -Schorror patterna of crystals of autbmnilio and obtained (n) 
by cooling the hot solution in alcohol slowly, (b) by evaporating a saturated Holution al xoorn 
temporal uro, and (r) from the molt, have been photographed. It has been found that, the 
three mot, hods give throe different modifications, tlm first two belonging 1o tin oithorhombie 
systom and the third one to the monoehnie system. The unit, cell dimensions of the first modi 
float ion are : u -- 12,80 A.U., 6 10.78 A V. and r - 0.40 A.U Tho numbor ol moleeulos 

m the unit coll has boon found to he 8.02-8, the measured value of the density bong 1.41. 
Tho space group is found to be Q/fu. Modification Q has the unit cell of dimensions . 
a — KiOiiAU,, b — ll.05A.il and c _ 7.20 A. U. The density is round to bo 1.30. Tho 
number of molecules in the unit cell is 8.02—8 The space gioup is this ease is Q), ir< It has 
been found that modification III is pi oi lured by slight, distortion of tho unit cell of tho second 
modification and the dimensions of flu unii cell are; n — 15.85 A U., b - 12.31 All. 
c — (i. 8 1 A. II. and /f — 97 1 '1<V Tho density of this crystal was found to be 1.40 Those 
data give the number ol molecules in tho unit cell as 7 982—8 Tho space group C^ 2 h 
explains tho observed reflections from d liferent planes of 11ns crystal. 

Uobyo-Schorrer patterns of tho Ihree modifications cooled to - 180°C show that only 
slight contraction of tho unit cell takes place m the case of each modification. The dimen- 
sions of tho unit cell for tho ciyst.nl at — J80‘C and the coefficients of expansion a u , <*& und 
a, along the three crystallographic axes a, b nml r respectively, m the iange 3rt n C to -1S0°U, 
have boon calculated and given for ull the three modifications. 

I N T R O 1) U 0 T T O N 

It was well known that anthramlic acid (o-aminobenzoic acid, NH 2 -C„H 4 - 
COOH) crystallises ordinarily in two habits (Groth, 1017), both ol which belong 
io orthorhombic system. The crystal structure was determined by Prasad and 
Kapadia (19:35) who obtained the two modifications of the crystal by slowly 
evaporating the solution in alcohol. They took oscillation photographs of the 
crystals about tho a and c axes, Tho unit cell dimensions of the two modifica- 
tions reported by them are: « — Ifi lfi A.U., 6 = 11.77 A.U., c—-/. 17 A.U. 
and a = 12.77A.U., b =. 10.S0 A.U., c = 9.403 A.U. respectively. They further 
reported that the first modification belongs to the space group of Q h u and the 
second io Qh 5 - 
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KitaiGorodskij (1948) redetermined the crystal structure of the compound 
and reported that only one form belonging to the orthorhombic system was 
present with the cell dimensions a = 9.40 A.U., b — 10.80 A.U., c = 12.80 A.U. 
He found the space group to be either (7 9 2b or D 16 ^. This form is the same as the 
second modification reported by Prasad and Kapadia (1935) with the inter- 
change of a and c axes. 

Later, McOone et nl. (1949) investigated the problem more thoroughly and 
obtained three modifications of the crystal at the room temperature. The first 
form, obtained from a solution in aniline, is orthorhombic with the unit cell dimen- 
sions a — 10.19A.XT 5 b — 12.87 A.U., and c = 9.32 A.U. They have listed 16 
powder linas and reported the space group to be either G n 2U or which agrees 

with the results reported by the previous workers. The second form obtained 
from aquoous solution was also reported to be orthorhombic with the unit cell 
dimensions a — 11.66 A.U., b — 16 04 A.I 1 , c — 7.18 A. IT. which was the samd 
as the first modification reported by Prasad and Kapadia (1935) These authors 
listed 22 Debye-Scherrer lines but did not find the space group of this form of 
the crystal. The third form obtained from the molt was found by them to belong 
to the monoelinic system and the morphological data were repented by them. 
They, however, did not find out the unit cell dimensions in this ease 

The present investigation was undertaken to find out whether the structures 
of the first two modifications remained the same when tho crystals were cooled to 
— 180°C and also to find out the space gioup to which the third modification 
belongs. With this object in view Ihe Debye-Scherrer patterns of the three 
modifications both at 3(PC and at — lKO' C have been photographed and compared 
with each other. It has also been possible to find out the space group of the 
third modification, as will ho evident from the following sections. 

EXPERIMENTAL 

Pure anthranilic acid (m.p. 145°0) supplied by B.D.H. was used in the in- 
vestigation. The crystals were powdered well and packed tightly in a thin 
walled soda glass capillary tube of bore about 0.03 ems and this capillary tube 
filled with the powder was used to photograph the Debye-Scherrer pattern. The 
low temperature photographs wore taken by the same method as described in an 
earlier paper (Krishna. Murti and Son, 1956). 

The substance was crystallised from a solution in alcohol in order to get/ 
modification II. Whon it was crystallised at different constant, temperatures in 
different solvents, the same modification was obtained in all these cases. Then 
the "substance w r as crystallised from hot solution in alcohol by slow cooling 
which gave the crystals belonging to the modification I. Next, the substance 
was allowed to melt and thon to cool down to tho room temperature. The solid 
mass obtained in this way was found to belong to modification III, as its Debye- 
Scherrer pattern was different from that due to tho other tw r o modifications, 





TABLE II 

Debye-Scherrer rings of anthranilic acicl — Modification II 
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0.12830 0.12851 711 2.150 (m) — I 0 13160 0 13196 711 2.125 (m) 





616 


G. 8 . i?. Krishna Murti 


A Seifert X-ray tube running at 26 ma, 32KV was used and an exposure of 
about 2£ hrs. was suteeient to get the patterns with moderate densities. The 
X-ray tube was provided with a copper target and a nickel filter was used to cut 
off the Kfi radiation. The distance from the film to the specimen was nieasured 
accurately by taking a powder photograph of rock salt and it was found to be 5.20 
cms. Spacings were calculated from the rings in the pattern by measuring the 
diameters accurate up to 0.05 mm. Several photographs under the samp condi- 
tions were taken to test the genuineness of the results. 

RESULTS AND DISCUSSION 

Some of the representative photographs of the Debye-Scherrer patterns ob- 
tained at different temperatures for the three modifications of the crystal are. 
reproduced in Plate XV The values of the spacings along with those of sin 2 (9 and 
\jd 2 for the Debye-Schorrer rings aro given in Tables T, If and ITT The spacings! 
reported by Me Crone et al. (1949) are also included in Tables I and Ji for com- \ 
P&riHon. The visually estimated intensities of different rings in the patterns are 
given in parentheses as very strong (vs), strong (s), medium (m), weak (w) and 
very weak (vw). 

Modification I : 

The values of the spacings and sui 2 0 for different planes of reflections of the 
crystal at 30°C given m Table 1 show that the results agree quite well wit)i those 
reported by McCrone et at. (1949). JBy applying Lipson’s method (,1 949) the 
crystal is found to belong to orthorhombic system, the dimensions of the unit 
cell being a — 12.80 A U., b = 10.78 A.U, and c — 9.40 A.U. The number of 
molecules per unit cell calculated with 1 .41 as the density, wlpeh was measured 
is found to he 8.02 ~ 8. It can also be seen from Tablo 1 that the rules for the 
extinctions of the reflections are : 

(i) (hoi) planes are halved if h is odd. 
and (ii) (old) planes aro halved if (lc-\-l) is odd. 

The space group is found to be Qh U - The space group reported by jPrasad and 
JKapadia (1935) is Qj t h and that by McCrone et al. (1949) and by iKitkiGorodskij 
(1948) is C 9 2V or D la ih . The space group C 9 2v applies to a crystal having 4 mole- 
cules per unit cell. Tho restrictions apply both to this space group and jto Q fl ia 
but. as the number of molecules per unit cell is found to be U, the space £roup is 
to be taken as Q n 16 and it is neither C 9 ZV nor Q)*. It can be seen from the 'Table, I 
and from the patterns reproduced, that no change in the crystal structure! occurs 
When the crystal is cooled to — 180°C except a small change in the (dimensions 
of the unit coll. It can ho seen from the table that sin 3 !? value for the plane (002) 
remains the same, whereas for tho remaining reflections the values ificrekse slightly 
showing thereby that the primitivo translation along c axis remains 1 the same, 
whereas a slight contraction takes place in the remaining two directions a and 6- 
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Fig. i. Dcbyr-Silienci patterns of anthraiulu acid. 


(a) Modilicalion I. 

(bj M 

(< ) Modification II 

(d) 

(r) Modification III. 
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Crystals at 30'C. 

,, — 1 Ho C 

Crystals at 30" C 
„ — 1 fin C 

Crystals at |o‘ G 

-iHo"C 
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Crystal Structure of Anthranilic Acid , etc. 

The unit coll dimensions of the crystal at - 180°C calculated by Lipson’s method 
(1949) are a = 12 77 A.U.,7> ~ 10 74 A U., and c — 9.40 A.U. The reflections 
from all the planes observed for the crystal at 30°0 are also present in the pattern 
due to the crystal at ~-180°C. So the space group is again The coeffi- 

cients of expansion <x a , x t) , cc r along the throe crystallographic axes, in the range 
30 °C to — 180°0, are found to bo 11.76X 10 17, 73, X 10 0 and zero respectively. 

Modification II : 

The valuos of the spaeings and of siu 2 0 for the crystal at 30°C aro given in 
Table II. It can be seen from the table that the results agreo well with those 
reported by McCrone el al (1949). By applying Lips on's method (1949) the 
crystal is found to be orthorhombic, the dimensions of the unit cell being a = 
16.05 A. U., b — 11 65 A.U. , and c — 7.20 A.U. The density was measured and 
was found to bo 1 .36. The number of molecules in tho unit ceil is found to be 
8 02~8 It can be seen from tho Table II that the extinction in the reflections 
from the planes are as follows : 

(i) (hoi) pianos are halvod if l is odd 

(ii) (hlco) pianos are halved if h is odd 

and (iii) (old) planes aro halved if Ic is odd. 

So, tho space group is Q fl lT *. Prasad and Kapadia (1935) reported the same 
extinctions in the reflections, but they assigned the space group as Q /t n . Evi- 
dently, this was not. correct, and the correct space group is Q h lb . 

it can bo seen from the Table II and from the patterns that only contraction 
of the spaeings takes place in tho crystal when it. is brought down to — 180°C. 
So, the space group is not c hanged hy the lowering of temperature. The dimen- 
sions of the unit cell of the crystal at — 180°C are a — 15.85 A.U., b = 11 .46 A.U., 
and c — 7.09 A.U. The coefficients of expansion x ai <x b , and a c along the three 
crystallographic axes a, b, c, in the range 30 “C to — 180°C, are found to bo 60.1 X 
10~ e , 79.0xl0 _G and 73.9x10 *' respectively The coefficients of expansions 
are almost the same in all the throe directions. 

Modification III : 

The values of spaeings and 1 /d* for tho rings produced by this modification 
at 30°C are given in Table 11 L According to the morphological data given by 
McCrone et al. (1949) this modification belongs to monoclinic system. The 
dimensions of the unit cell were not determined by any previous worker. It can 
be seen from the pattern reptoduced in Plate XV that it is different from 
the other two patterns due to tho orthorhombic modifications. 

This form is taken to belong to monoclinic system and in finding out the unit 
cell dimensions it was assumed that one of the two orthorhombic forms is 
slightly distorted to give the monoclinic variety. By trial it is found that if the 
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spacings 7.810 A.U., 6.150 A.U. and 3.350 A.U. are taken to be those of (200), 
(020) and (002) planes respectively and the spacing of 5.735 A.U. is taken as that 
of the (111) plane, on these assumptions the unit cell dimensions of the crystal 
(monoclinic) are found to be a = 15.85 A.U., 6 = 12.31 A.U., c == 6.81 A. U. and 
ft =--= 97°10'. 

With those values of the unit cell dimensions of the crystal, it is found that 
all the reflections obtained in the pattern can be indexed. Next, to find out the 
space group to which the crystal belongs, search is made to find out the rule for 
the extinctions of the planes. It can bo seen from the Table 111 that all (hkl) 
planes for which (h-\~k) is odd are missing. The density of the crystal was found 
to be 1.40 and the number of molecules per unit cell comes out as 7.982 ~ 8. So, 
the space group C\ h is assigned to the crystal. 

It can be seen from the Table IIT that when the crystal is cooled to - 180°c\ 
no change in the crystal system takes place ; but the spacingB of the planes dimi- \ 
nish a little. From the patterns reproduced, it can be seen that the jiattern 
produced by the crystal at — 180°C is similar to that at 30°C and the restrictions 
for reflection are also the same. So, when the crystal is cooled to — 180°C only 
a contraction takes place. The unit cell dimensions of the crystal maintained 
at — 180°C calculated from the spacings 7.670 A. U., 6.020 A.U. , 5 590 A.U. and 
3.280 A.U. which are due to the planes (200), (020), (111) and (002) respectively, 
are a = 15.55 A.U., b = 12.04 A.U., c — 6.62 A.U. and /? = 97°17'. The angle 
(i is almost the same as that for the crystal at 30°0 The coefficients of expansion 
a a , <x b , a c along the threo crystallographic axes a,b,c respectively are calculated 
and found to be 9.19X10 -5 , 10.68 xl0 _B and 13.67 Xl0 _B respectively. When 
the different modifications of the crystal are brought back to room temperature 
(30°C) after once being cooled to — 180°C they all come back to the original form. 
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Plate XVI 

ABSTRACT. The nour ultraviolet absorption spectrum of para-ohloroanisole has 
been studied. The discrete bands wore analysed as duo to an allowed transition 1 A l to 1 B 1 . 
Out of tho 100 obseived bands 88 bands oould bo explained on the basis of five fundamentals 
in the upper state (341, 621, 779, 1053, and 1271) and four fundamentals in tho ground state 
(361. 641, 802, and 1111). Tho above fundamentals were correlated mutually and with 
Raman data and possible assignments discUBsod. The occurrence of CH ;t bending frequency 
in all substituted umsolos was discussed and established. 


INTRODUCTION 

In continuation of our earlier work on the near ultraviolet absorption spectra 
of substituted anisolos, we are now reporting in the following pages the results 
of our detailed investigations in the case of para-chloroanisole. 

Raman data with depolarization factors were given for para-chloroanisole 
by Paulsen (1939). The Hainan spectrum was also taken by us (see figure 3) 
and frequencies moasurcd and compared with earlier data. Jean Lecomte (1938) 
gave a plot of the infrared frequencies in the region 500—1400 cm** 1 , but the actual 
frequency data were not tabulated. Data on fluorescence and ultraviolet ab- 
sorption do not appear to have been worked out. Wo find that like orthochloro 
and para-fluoroanisoles (Suryanarayana and Rao, 1956) para-chloroanisole also 
does not fluoresce. 


EXPERIMENTAL 

Full experimental details were given elsewhere (Suryanarayana and Rao, 
1956). The substance para-chloroanisole was obtained from B.D.H. Its boiling 
point is 1 98°0 at 760 m.m. pressure. This was purified by distilling thrice in vacuum 
sealed tubes at about 65°C. This distilled product was used for further work. 
Two path lengths, 50 ems, and 150 ems, were found suitable for the development 
of the hands. Spectra were recorded at saturated vapour pressure corresponding 
to the reservoir temperature range 18°C to 180T, Spectrograms were taken 
both on Hilger’s medium quartz instrument (E315) and Littrow E 1 spectrograph 
employing a slit width of 3 to 5 microns. 
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RESULTS 

Tlio absorption was found to consist of two regions as in other substituted 
anisolcs (a) a continuous absorption below 2350 A.IJ. and (b) a discrete one botween 
2900 and 2530 A.U. Tile two regions of absorption merge into one at a vapour 
pressure corresponding to 120°C with 75 cm. tube and 00°C with 150 cms. path 
length. 

At the saturated vapour pressure corresponding to — LS°C only two bands 
were recoided distmctly at 2867.3 A. U. (34866 cur 1 ) which can be taken as the 
(0,0) band, and at 2804.6 A.IJ. and traces of bands at 27S3.2 A. IT. More bonds 
develop to the short wavelength sido with higher temperatures and the maxi- 
mum bands are obtained at 27°C with 75 cms path length (see figure 1). At 
higher temperatures the region gets under continuous absorption and a few bands 
develop on the long wavoleilgth side. To develop more bands in this region before^ 
the continuous absorption sets in the 150 ems. tube was used and by varying , 
the container temperature in the region 40°C— 60°C about 10 bands more could 
be recorded (see figure 2, Plato XVI). Above 60°C— 12U U 0, the region below 
2900 A.U. is completely absorbed up to the limit of quartz instruments. 

The bands are red- degraded. There is a certain amount of width for each 
strong baud. The maximum intensity of absorption appears to be in the region 
2720 to 2860 A.U. (see figure 1). The long wavelength side bands developed 
with the 150 cms. tube are extremely weak. The wavenumber and in- 
tensity data arc given in Table 1. Intensities are only visual estimates in the 
scale 1 to 10. Our final measurements give some frequency values slightly 
different (3-4 cm" 1 ) from those given in our earlier note (Suryanarayana and 
V. R. Rao, 1955). These are accurate to 1 cm" 1 in the case of sharp bands and 
3 to 4 cm" 1 in diffuse and broad bands. 

ANALYSIS AND DISCUSSION 

Para-chloroanisole, like other para substitutions in benzene, approximates 
to the point group C zv and is subject to all the well-known selection rules. The 
transition is an allowed one A x — Bj . 

The intense band at 2867.3 A.U. (34866 cm -1 ) iB taken as the (0, 0) band. 
This is shifted by 894 cm" 1 to the long wavelength side from the (0, 0) band in 
ortho -ehloroanisole. This is in conformity wuth the general" behaviour of para 
and ortho substitutions (c.f.) fluoro toluenes (Cave and Thompson, 1950), bromo 
toluenes, chloro toluenes, dichloro benzenes (Spoiler and Teller 1941), fluoro- 
chloro benzenes (Krishnamachari, 1955, 56), etc.. Frequency shifts of various 
bands from the (0, 0) band are given in column 4 of Table X. The identified 
fundamentals in both the states with corresponding Raman data and probable 
assignments are given in Table II. The obvious fundamentals in the upper state 
are 341, 621, 779, 1053 and 1271. These frequencies occur in progressions and 
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Near Ultraviolet Absorption Spectrum of p-Ghloroanisole 621 

combinations between themselves and with other fundamentals in both states. 
The lower state fundamentals observed are 361, 641 , 802 and 1111. On the basis 
of these fundamentals 88 bands out of a total of 100 observed bands could be 
interpreted. The uninterpreted bands do not include any intenso bands. In 
the light of the selection rules and other features a detailed discussion of the 
fundamentals follows. 

The (0, 0) band at 34866 is followed on the longwave length side by half 
a dozen bands by —7, —12, —18, —54 arid —79 cm" 1 (figure 1) . This pattern 
is found to repeat itself fully at the frequency 779 and partly at the frequencies 
341, 621, 1053 and 1271. This is a usual characteristic of the spectra of substi- 
tuted bonzones. 

The frequency 341 in the upper state is a very intense band and is found to 
occur in combination with many other fundamentals. In the ground state its 
value is 361 cm* 1 represented by a fairly intense band. The corresponding 
Raman frequency is 365 cm" 1 which is strong and has a depolarisation factor of 
0,30, This frequency was also obtained as an anti-stokes Raman line which ex- 
plains tho intensity of the band in the ground state even at room temperatures. 
Those frequencies 365 (Raman), 361 (ground state) and 341 (upper state) can be 
easily attributed to the totally symmetric component of tho 6067?/ vibration 
in benzene. The considerable fall in the value from that in benzene is to be 
anticipated. The corresponding values in ortho-chloroanisole are 410 (Raman), 
418 (ground state) and 357 (upper state). Wc observed a definite fall in these 
values bom the ortho to para substitution. The other component of 2?/ vibration, 
possibly, is observed at 565 (ground state) and 518 ern -1 (upper state) in ortho- 
chloroanisole (A' in C s ) need not necessarily be expected in para-chloroanisole 
((7 2;j point group) on account, of its non-totally symmetric character (B 1 ). The value 
of the lower state frequency is found to bo lower than that in para-fluoroanisole 
(428 cm" 1 ) and higher than those in para-bromoanisolc (324 cur 1 ) (Suryanarayana 
and Ramalcrishna Ran, 1956) showing the effect of tho atomic weight on the fre- 
quencies whon the symmetry is the samo. The intensity of this E g vibration 
component 341 in para-chloroanisole as compared with that of in ortho-chloro- 
unisoJe probably indicates that this vibration plays a more important role in the 
production of the spectrum in para-chloroanisole than in ortho-chloroanisole. 
Further, this intensity of 341 in para-chloroanisole may be considered to have 
boen shared by the two components 357 and 51 8 in ortho-chloroanisole in which 
case tho transition probability may be considered to bo the same for both. 

We now take up the frequency 621 which is represented by a medium 
intensity band. This replaces the fundamental 699 mentioned in our earlier note 
(Rao and Suryanarayana, 1955). In the ground state its value is 641 cur*. 
In tho Raman spectrum there is a close doublet of strong lines at C25 and 636 cm 1 
with a depolarisation factor of 0.51. Of the two, 636 cm" 1 is nearer the ground 
4 
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state value of 641 cm -1 . Corresponding values in upper and lower states of ortho- 
ehloroanisole are 641 and 690 (ground state) 685 cm -1 (Raman). The upper 
state value in para-ehloroanisole shows the expected fall from that in ortho- 
chloroamsule. So, if we take 636 cm -1 as the Raman value for this vibration 
the relationship holds. That is why the still another possibility of the Raman 
luio at 700 cm 1 is rejected Other reasons for this rejection are the consider- 
able difference between 641 and 700 (as ground state values) and the low intensity 
ol 700 cnr J in Raman spectrum. Thus we might conclude that the frequencies 
621, 641, 636 cm 1 represent the same mode of vibration in para-ebloroaiusolo 
In our discussion on para-tluoroanisolc (Suryanarayaua and Ramkrishna Rao, 
1957) wc presented reasons tor regarding the corresponding frequencies as due 
to 0-01 symmetric stretching mode of vibration. 

The fundamental 779 in the upper state is of the greatest intensity in the 1 
spectrum. It occurs with the (0, 0) band at the lowest temperature (~ IK U C), \ 
thus showing a high transition probability. It is traced up to 5 o\ ertones and in 
com lunation with other limdameiitals. The pattern with (0,0) band is very 
completely repeated with this lundamontai 779 The corresponding ground state 
frequency appears Lo be 802 which begins to develop at- vapour pressures corres- 
ponding to 30° to 40 U C with a 150 chib, tube From the appearance of the band 
we can easily fix it up as a fundamental. It is also able to explain some bands 
as difference frequencies The corresponding Hainan line is 796 cm 1 with 
^ _ 0 07 which is probably the strongest Raman line and extremely polarised 
We obsene in the Hainan spectra such a strong lino as a common lactoi in most 
ol Ihe substituted ariisoles, 755 in guaieol (Reitz and Ypsilante, 1935), 831 in 
para-fluomanisolc, 796 m para-ehloroanisolo, 793 in para-bromoanisole (Paulson, 
1957) and 796 in ovtho-ehloroanisole (Herz, 1946). All are very strong lines 
and polarised. It is possible that this Raman line may represent a common 
vibration to all these molecules. So, it may be C-OOH 3 symmetric vibration 
(our earlier assignment of this to C-Cl vibration in ortho-ehloroanisole xs show n by 
us to be subject to correction) If this is so, then the peculiar feature is as follows. 

In anisole (Sreerama Murty, 1950) the frequency in upper state is 755. On substi- 
tution w r c have 721 (guaieol) 810 in para-fluoroamsoJe, 767 m ortho-ehloro- 
anisole, 779 in para-ehloroamsolo and 771 in para-bromoanisole. The values 
come down from anisole to guaieol. But there is a sudden increase in the halogen 
substitutions, namely, ortho-chloro, para- ch loro and para-bromoanisoles. This 
is strange. In fact that is why we chose the other set of frequencies 641 etc. 
in our earlier work as representing tho C-OCH 3 vibrations. But their presence 
is only in ohloro substitutions, though their behaviour with rospect to anisole 
etc., is satisfactory, Thus we are inclined to doubt onr earlier assignment and 
consider the 779 (upper state value) as due to C-OCH 3 vibration consistent with 
all other molecules in spite of the anamalous behaviour of the frequencies in 
bromo and chloro substitutions. While in ortho-ehloroanisole the C-Cl vibra- 
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tion is very strong, in para-chloroanisolo C-OCH 3 vibration appears to be the 
strongest in the spectrum. 

The upper state fundamental 1053 is less intense than the 779. It is followed 
on the long wavelength side by a part of the jiattern —7, -IS. —54 etc. its 
ground state value appears to be 1 1 11, the band developing at about 50° 0 with 
150 cm. tube as may be expected from the lower Boltzmann factors correspond- 
ing to that high frequency. Tho corresponding Raman line is at 1092 cm -1 
with p ~ 0,09, a strong line next in intensity and polarisation to the 796 Raman 
line Thus its totally symmetric nature is beyond doubt. From the order of 
magnitude it could be attributed to a C-0 valence vibration in the phenyl radical. 
The corresponding upper state value in ortho-chloroauisolo is probably 1060 
and the ground state value is 1183 (from Raman spectrum ) In ortho-chloro- 
anisole two 0-C vibrations are found while in para-chloroanisole only one could 
be observed. 



O * (A TV 
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Fjg. 1. Ultiaviolct absorption spectrum of para-chloramsoln. 

The frequency 1271 is represented by a lone band (figure 1) of medium inten- 
sity. On this is superposed a progression of 779. Tho corresponding ground 
state frequency could not be found even with 150 cm. tube heated up to 80°C. 
The Boltzmann factors may be forbiddingly low. The corresponding Hainan 
line is at 1291 cm" 1 with a depolarisation factor of 0,19. As pointed out m our 
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earlier work on substituted anisoles (Suryanarayana, 1956), this frequency is 
found characteristic of all molecules containing a CH 3 unit with a phenyl radical 
like toluenes, and anisoles. The values do not change considerably from ground 
state to upper state values. For those and othor reasons mentioned earlier this 
frequency was attributed to the CH 3 bending mode in OCH 3 unit. Additional 
evidence is from benzo-trifluoride (Sponer and Lowe, 1949) where CH 3 is replaced 
by OF.) in which a frequency like this does not occur. This also proves that 1271 
cm" 1 does not belong to the phenyl radical as assumed by Sponer in xylenes 
(Cooper and Spone, 1952; Cooper and Sastry, 1952), 



Fig. 3. Microphotometric curve of the Raman spectrum of pnm-chloroonisol 

In ortho-chloroanisolo and para-fluoroanisole the aliphatic C-0 frequency 
in OCH a was suggested to be 1389 and 1367 cm -1 respectively. A corresponding 
frequency could not be traced with certainty in para-chloroanisolc. Thoro is 
one band 1345 cm~ l in this region, but it could bo interpreted also as OH 621 -f 
779—54 (see Table I). This frequency was found to be in all eases rather weak. 
It is possible that in spite of its low intensity this band can be interpreted also as 
a fundamental. It combines with the other fundamentals 1272 and 341 (though 
these can be given other interpretations). Corresponding ground state frequency 
was not found as the spectrum did not develop thus far. In the Raman spectrum 
it is difficult to suggest a proper corresponding line. 

In Table II we have taken 501 as a fundamental in the ground state and this 
agrees well with the weak Raman line 506. This line has a depolarisation factor 
of 0.68. This line most probably corresponds to the B x component of E g + (606) 
vibration in benzene. We have mentioned earlier in connection with the high 
intensity of 341 (aq component) that E g + vibration in paraehloroanisole plays 
a fairly important role. We find 501 also combining with the 341 vibration. 
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TABLE I . 

Para-CJiloi'oani^olo ; Ultraviolet . absorption., bands . 


Wave -numbers 

(cur 1 ) 

Intensity 

Shift from 
(0, 0) band 
(cur 1 ) 
obs. value 

Assignment 

Difference 
botween 
observed and 
calculated 
values 

33705 

3 

-1111 

0-1111 


33975 

i 

- 891 

0-802-95 

6 

340G4 

2 

- 802 

0-802 


34148 

*D 

- 718 

0—2x361 


34225 

2 

- 641 

0-641 


34365 

H 

- 501 

0-501 


34404 

n 

- 462 

0-802+341 

1 

34449 

ii 

- 417 

0-361 -54 

2 

34605 

3 

- 361 

0-361 


34520 

ID 

- 340 



34548 

2 V.D 

- 318 

0- 641 -361 + 2x341 

2 

34598 

3 

— 268 

0--2G8 ? 


34640 

ID 

- 226 

f0- 04 1 -361+779 

3 




(0 — 95 — 74—54 

3 

35663 

n 

- 203 


0 

34706 

2 

- 160 

0-501 | 341 

0 

34734 

U 

- 132 

0-79-54 

1 , 

34771 

2 SU 

- 95 

0—2x361+621 ? 

6 

34787 

2 Sh 

- 79 

0-79 


34812 

2 Sh 

- 54 

0-54; 0-1111 + 1053 

, 4, 

34848 

2 Sh 

- 18 

fO - IS; 0-361 |-34] 

2 




[0-641+621 

2 

34854 

2 Sh 

- 12 

0-12 


34S59 

2 Sh 

- 7 

0—7 


34866 

8 

0 

(0.0) 


34890 

ID 

+ 24 



34913 

fr V.D 

+ 47 

0 4-2x341—641 

6 

34932 

ID 

+ 66 

OH 779 -2x3Gl 7 

9 

35020 

*D 

+ 154 

4 + 1271 -1111 

6 

35075 

ID 

-1- 209 

0 + 621—361—54 

9 

35118 

ID 

+ 252 

(0+1053 — 802 

l 




[0+1053-802 

1 

35156 

2 

+ 290 

0+341-54 

3 




(0+341 —18 

1 

415199 

2* 

+ 324 

\ 0 + 2x341 -361 

'3 




[0^-341 + 621-641 V 

3 

35207 

7 

+ 341 

0 + 341 


35231 

HD 

+ 365 

Of 779-- 301-54 

1 

35279 

3 

+ 413 

[0 + 779—361 

ii 

V 



[0 + 105&-641 

O' o i 
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W ave -numbers 
fcm-i ) 

Intensity 

Shift from 
(0, 0) band 
(ctn-i) 
obs. value 

Assignment 

Difference 
betwoen 
observed and 
calculated 
values 

35344 

3 

+ 478 

0+2x779-3x301 

3 

35409 

1 

+ .'543 

0+421-79 

1 

35487 

4 

+ «21 

0+421 


35549 

2Sh 

+ 683 

[0+779-95 

1 




[0 + 2X341 

1 

36507 

2 Sh 

+ 701 

0+779-79 

1 

35593 

2 Sh 

+ 727 

04-779—54 

2 

35027 

2 Sh 

+ 701 

fO+779 — 18 

0 




[0+779-301 + 341 

2 

35633 

2 Sh 

+ 767 

0+779-12 

0 

35639 

2 Sh 

+ 773 

0 + 779-7 

1 

35645 

6 

+ 779 

0+779 


35701 

i 

+ 835 

Of 2x779-2x361 

1 

35709 

1 

4- 903 

04 1271-301 

7 

35848 

HD 

4- 982 

0 + 1053-54-18 

I 

35865 

3 

4- 909 

0+1053-54 

0 

35900 

2 Sh 

+ 1034 

0 + 1053-18 

1 

35913 

2 Sh 

+ 1047 

0 + 1053-7 

1 

35919 

4 

+ 1053 

04-1053 


35945 

1 V.D 

+ 1079 



35987 

5 

+ 1121 

0 + 341 + 779 

1 

36038 

2 

+ 1172 

[0+2x779-2x301 + 341 

5 




[0+1271-95 

4 

36120 

2 

+ 1254 

0+1271-18 

1 

36137 

4 

+ 1271 

0 + 1271 


36211 

2 

+ 1345 

[0 + 341 + 1053 — 54 

5 




[0 + 021 + 779-54 

1 

30206 

3 

+ 1400 

f0+341 + 1053 

0 




0+621-1- 779 

0 




[0 + 770 + 2x341 

B 

30332 

4 

+ 1466 

10+ 1058 + 770-361 

6 




[0+2X779-95 ~ 

3 

36390 

1 

+U24 

0+2X779-2X18 

2 

36405 

2 Sh 

+ U3» 

0+2x779-18 

1 

30426 

6 

+ 1560 

0 + 2x779 

2 

36470 

2 

+ 1613 

0+341 + 1271 

1 

36552 

3 

+ 1486 

[0+1271 + 779-301 

3 




[0 + 1345 + 341 

0 

36643 

2 

+ 1777 

0+779 + 1053—64 

1 

36646 

4 

+ 1700 



96699 

5 

+ 1833 

04-7794-1053 

I 
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Wave-numbers Intensity 
em-i 


36763 


H 


36822 




36918 

36078 

37043 


37080 

37144 

37201 


37261 

37340 

37411 

37479 

37505 

37528 

37600 

37692 

37752 


H 

H 

H 


H 

H 


37809 1 

37851) _ 

37908 D 


TABUS I (Contd.) 


Shilt from 
(0, 0) band 
(cm-i) 
obs. value 


Assignment 


Difference 
between 
observed and 
ealoulated 
values 


+ 1897 
+ 1956 


+ 2062 
+21 12 
+2177 


+ 2219 
+ 2278 
+ 2335 


f0+ 341 -|-2x779 
[0 + 621 -t- ] 271 
[0+1271 + 1053—361 
1 0-1 2x341 + 1271 
[OH- 779 + 1271-95 


0 + 2x1053 
(0+779 + 341 + 1063 
[0+621-I-2X779 


0+2x341 + 3x779-802 T 

0+3x779-3x1854 

0+3x779 


2 

5 

7 

3 

1 


2 

6 

4 

2 


2 

5 

2 


+ 2395 
+ 2474 
H 2545 


0+341 I-779H 1271 
0 + 1279 + 2X779-361 
0 + 2x1271 


+2613 
+ 2639 
+2662 


0 K 1053 + 2 x 779 
0 + 341 + 3 x 779 ? 


+2734 
+ 2826 
+ 2886 


+ 2943 

+ 2993 
+ 3042 


0+J271+2X799-95 
0 b2x 779-| 1271 
T0+34H 2X1271 
[0+779H 2x1053 

[0 + 341+2x779 + 1053 
[0 + 621 + 3x779 V 


4 

2 

3 


10 

0 

3 

3 

1 

9 

15 


37974 3 
38033 2 
38095 I 


38294 l 
38369 1 
38454 1 i 


+ 3108 
+ 3167 
+ 3229 


+ 3428 
+3503 
+ 3588 


0 + 4x779 

0+34] +2x779+1271 
0+779'f 341+2x1053 
.0+2x341+2x1271. 


8 

3 

3 

6- 


38527 


38610 

38747 


BSh 


39235 

39380 


39479 _ 

39534 3 

40457 2 


+ 3661 

+ 3744 
-I 3881 

+ 4369 
+ 4514 


+ 4613 
+ 4668 


+ 5591 


[0+341+779+2x1271 
[0+2x1053+2x779 
0 + 2x1271 + 2x779-361 
0+5x779 


r 0 + 621 +5X779 
0+2x1271 + 3x779-361 


[0 + 6x779 
[0+3 x1271+2x779 
-2x361 ? 
0+4x1271 + 2x779 
-3X361 ? 


1 

3 

5 

14 


2 

4 


19 
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Probably this p i component is obtained in the forbidden part of the transition. 
Wc find a" similar occurrence of ft 1 component in both states in benzotTifluoride 
(Sponer and Lowe, 1949). 

There is a band at — 2t>8 in the ground state which has an intensity behaviour 

the same as —301. It could not be explained as any combination baud. It 

does not have a counter part m the Raman spectrum or in the upper state frequency. 
In ortho -chi oroanisole a similar intense band was found at 279 cm- 1 . We are 
not able to offere air interpretation for this band. 

We are now left with the satellite bands that follow the (0, 0) band and some 
of the outstanding fundamentals. Similar satellites arc found to be a gonoral 
characteristic feature of all substituted benzenes. Of the five satellite bauds —7, 
—12, —18, —54 and — 7ty the one —18 could be interpreted as tho difference bef 
tween 301 and 341 fundamentals and also 041 and 021 fundamentals. The doubt 
assignment explains possibly the intensity of the band. Some of these frequencies' 
are also attributed to the dilfcrcnce frequency of Ioav lying non-totally symmetric 
vibrations (Spoiler). Tho reasoning for this view is that in an allowed transition 
we can get tho difference frequencies of non-totally symmetric vibrations by the 
operation of Franck Condon principle and the high intensity for the hands indi- 
cates large Boltzmann factors which, at the room temperatures, can bo obtained 
only for low frequencies. As the fundamentals themselves are forbidden it is 
not possible to ascertain which particular frequency gives rise to the difference 

frequency, in our interpretation the —IS frequency was attributed to difference 

$ 

TABLE II 

'Identified frequencies and their assignment - Para-chloroanisole 


Ramon data with 
dopolnrisation 
factors 

U. V. Absolution data 

Assignment. 

Lower State 

Uppor State 


268 



365 (0.30) 

361 

341 

Totally symmetric component 




of 606 iS/p+ vibration m 




bonzono. 

506 (0.68) 

501 



(3 1 component of 606 Eg* 




vibration in benzene. 

636 (0.51) 

641 

621 

O—Ol valence vibration. 

706 (0.07) 

s‘02 ' 

: 779 

C-OCHy stretching. 

1092 (0.09) 

1111 

1053 

C-C. 

1201 (0.19) 

— 

,1271 

Oily bending. 



1345 

Aliphatic O-C frequency in 


OCHjj unit* 
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frequency of totally symmetric vibration. In view of the fact that both the 
fundamentals are obtained at room temperature, the assignment may be justified. 
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ABSTRACT. Tho .various errors involved in measuring the activation crosB-floctions 
for thermal neutrons are dismissed Error due to "Self -protection’, is specially considered 
and a seim-oinpirioul relation is given for its eoirection. Thoimal noutron activation croup- 
sections for In” r \ Ag 10 ? and Agio " aio measured taking into account tlioao correctioi 
Design of a sigma pile is givon. 

INTRODUCTION 

It. is intended to measure thermal noutron activation cims-section lor certain 
cases. Before embraking on the actual programme, the desirability of making 
measurements for standard substances is self-evident, so that the standard proce- 
dure for measurement and obtaining the minimum errors is established. 

Quite comprehensive measurements of these cross-sections have been reported 
by Basetti (1940), O’Neal and Goldhabor (1941), and then by Heron ( J l ul, (1947). 
Generally, they quote their errors up to about ±20% We have measured rr(/i ( y) 
for In 115 , Ag 107 , and Ag* 01 * taking <r{n, y) for Mn fia as standard, employing nearly 
the same method, but taking into account the various possible errors involved 
as carefully as possible. The effect of self-protection has been studied in detail 
and a Semi-empirical relation has been found. 


METHOD OP MEASUKEMEN T 

dN . 

Evidently, the disintegration rate from an irradiated substance at time 
t 2 after irradiation is given by the well-known equation (Hughes, 19511). 

( d -~ ) = nv . <r aef . N. (]-e“^ )« ■■■ (1) 

where nv = flux of the neutrons at the place of irradiation. 

cr act — activation cross-section for the substance undor study. 

A 7 = total number of nuclei in the irradiated substance. 

A = decay constant, 
and t L — time of irradiation. 


dN C 
dt = Ck 


( 2 ) 


w r here C is the counting rate as found experimentally ; G is the over-all efficiency 
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factor for the geometry used, and e is the ratio of the radiations passing into the 
counter over the number of radiations emitted by the substance, which were 
heading towards the detector. 

Isotopes studied are all //-emitters. So a //-counter was used as a detector. 
Indium, silver and manganese wore available in spec trographi call y pure form 
(09.99% from Johnson Matthey and Co, London, (ILK.). While the indium 
foils were directly irradiated, silver and manganese powder was first sandwitchod 
uniformly between two thin cellotapcs on a well-defined area and then irradiated. 
It was ascertained that the oellotapc itself did not develop any activity. The 
foils used had approximately half the area of the window of the //-counter, and 
were placed right at the centre of the window. This kept Q constant, ft is 
apparently given by where ji m is the mass absorption co-efficient in cin 2 /gm, 

and d is the effective thickness in gms/em 2 , which a //-particle has to traverse 
before entering the counter. The value of d was taken equal to the window 
thickness plus half the foil thickness // m was measured as a function of the energy 
with the help of //-emitters of known strength and energy i e. Co' 10 , Tl 204 , Bi 210 , 
and Pa 234 available from Baird- Atomic Instrument Co, 17 .S A. The curve for 
}i m versus the end energy of //-particles got in this way was exactly the same as 
given by Hughes (1953). The thickness of the u inclow of the //-counter was 
measured in the same way as done by Korun el al. (1947) by making uso of two 
//-sources of known strength. The measurement of the thickness of the foil 
involved actual weighing by an analytical balance which was sensitive up to 
0.1 mgm. 

Because m some of these cases, the activity produced emits more than one 
//-particle, different values of n m for each enorgy of //-particle were used, taking 
into account the ptoper branching ratio of the /?- particles. As for example, In 110 ’” 
emits three //-particles of energy 1 Mev (51%) with // w — 19 cni 2 /gm, 0.87 Mev 
(28%) with // m — 23 em 2 /gm and 0.00 Mev (21%) with fi m = 39 cm 2 /gm. The 



F ( g. 1. Details of the Sigma Pilo. S is tho (lia-Be) source, P is the paraffin 
sphere; F is tlio pocket for irradiation of foils ; is tho solid graphite block 
G 3 is graph ito powder ; R is the removable upper graphito hlook and W is 
tho wooden box. 
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percentage ratio of the /^-particles is taken as given hy Slatis, Toit and Siegbahn 
(1950). e in this case was taken to be l/100[51e~ 1B(Z -|-28e"' a3rf -f 21e“ 39 ‘ ? ]. Seren etal. 
(1947) have used only a single value of /t m in such eases, which is not justified. 

For irradiating the foils, the arrangement used is shown in figure 1. A 100 
milligram Ra-Be source is kept at the centre of a paraffin sphere of 6.5 ems in 
radius which is further kept at the centre of a cubical graphite block with each 
side equal to 62.5 ems. The results of Amaldi et al. (1935), and Fink (1936) were 
used in getting the dimensions of the above pile. A pocket of size 10.5 cm x 
6.5 cm x 3.0 cm, as shown in figure 1, was built in the pile at a distance of 11.5 
cm from Ra-Be source to facilitate irradiation of the foils and to keep the place 
of irradiation exactly the same in all the cases. It is well-known that such a 
pile contains a certain fraction of resonance neutrons besides the thermal 
neutrons. To avoid the effect of the resonance neutrons usual cadmium ratic^ 
method was employed. By a preliminary experiment with manganese it wasi 
estimated that the resonance neutron flux at the pocket was about 7% of the 1 , 
thermal neutron flux. 


DISCUSSION OK ERRORS 

The errors involved in cr a(:t will be due to the errors in the various quantities 
given in Eqs. (1) and (2). Errors in the counting rate C due to fluctuation in the 
electronic instruments, and counter efficiency changes were estimated to be 1%. 
It was felt justificable to take into account no error due to changes in tlie*surround- 
ing conditions as they wore kept the same throughout the experiment. Half- 
life, which enters in the equation through the term e~ Xi2 , was actually measured 
with an estimated accuracy of about 5%, introducing an error of loss than 1 
per cent in e~ xt ' 2 . The saturation factor (1— e~“ xfl ) was always nearly unity within 
less than 0.05%, introducing little error in the final result. The value of the mass 
absorption co-efficients for /?-particlcs and of d are estimated to be correct up to 4% 
to give us an error of about 1% ine“^ md . Error, if any, introduced duo to the 
counting of y-rays, should not exceed 1%, because the /?-counter used had a 
sensitivity to y-rays of less than 1%. Th© error in the determination of the value 
of N is expected to be less than 1%, because the weighing could be done with an 
accuracy of 0.1 mgm in 40 mgms. The position for irradiation was fixed in the 
pocket to less than a millimetre and hence no error is expocted due to any change 
in the position of irradiation. 

Though cadmium ratio method takes care of most of the effect of resonance 
neutrons, yet a further correction is needed to take into account the fact that 
cadmium absorbs a small percentage of resonance neutrons also. This correction 
has been studied by Rush (1948), Kunstadter (1950) and Tittle (1951) in detail. 
This correction amounts to about 4%, and when taken into account should leave 
back only a small error, 
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When a foil of appreciable absorpt ion cross-section is introduce*! ill a diffusing 
medium, it will introduce a general depression in the neutron density around 
die foil. A theory for depression has been put forward by Both® (i 943) and veri- 
W by Tittle (.19511 and Kle.na and Ritchie (1952). But apart from the above 
effect one should also take info account the effect due to self-protection This 
effect is there, because when a foil is exposed to neutrons the nuclei at the surface 

\ a ; r imred with ti,ose in *• 

( 9«), and Vhnuber and Lewis (1955) have studio this effect for a sphere having 
dimensions amah compared to the mean free path of neutrons m the d,ffosin K 
medium, which is not applicable to our case. To study the abovo etfect we lira- 
dialed a stark containing an odd number of indium toils at the usual place of ir- 
radiation in the pile, and the 53 minutes saturation activity of the central foil 
was studied as a function of the thickness of thc stack. In figure 2, curve C 
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Fig. 2. Points roprogpnfc tho saturation difuntorgration Kite of the conlral foil of the 
stack us n function of the total thickness of tho stuck in ingmR/cmz. 

shows the relation between the saturation disintegration rate and the total 
thickness of the stack in mgm/cni 2 . In the same figure curve A shows the 
effect duo to depression. The latter curve is drawn from Bothe’s theory as 
given by Tittle (1951) and is normalised at a thickness of 289.2 ingnis /cm 2 of the 
stack. Normally curve C contains both the depression aid the self-pro lection 
effects. Therefore, the difference-curve B should give only the self-protection 
effect. But as is clear from the figure 2, both curves B and C fall with in tho 
statistical fluctuation of the experimental points. These readings were also re- 
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peated for silver foils with the. same area. From these two sets of readings 
the curve B soomed to obey a semi-empirical relation. 

Disintegration rate of the foil for thickness x y y N 
Disintegration rate of the foil for zero thickness — ® 

where N is the total number of nuclei per cm 2 of the foil of thickness x, cr a is 
the absorption cross-section for thermal neutrons and K is a constant having the 
value 0.47 0.03 The correction duo to this effect for indium is about 5%. 

When taken into account, this should introduce little error in the value of the 
activation cross-section. 

The errors discussed in the last two paragraphs are calculable and in the 
measurement of cr(n, y) for most of the ease, as reported in the literature, they! 
have not been applied. The application of these errors, and also the use of dif-' 
ferent values of ju tn for various /^-particles in a radioactive isotope, are expected 
to give us somewhat better results. 

The above procedure gave the thermal neutron activation cross-section 
for In JJ5 as 134.7 ± 10 barns. The half-life of In J, * M measured is 53.3 minutes. 
For Ag 107 and Ag 109 the values of a uct measured arc 45.7 J_ 4.5 barns and 113 5 
: f: 13 barns respectively. The half-lives measured for Ag 10H and Ag 110 are 2.2 
minutes and 24.2 seconds respectively. 
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Plate XVII 

ABSTRACT Investigations on tho Raman spectra of othyl bonzone, chlorobenzene 
and bromobonzono in solutions ol othyl alcohol in tho lruzen state fit — 1 80 ,J 0 have boon 
curried. out and i( lias been obworvod that m tho case of tho lust iwo compounds wlion tho 
solutions form transparent homogeneous masses, tho low-frequency linos exhibited by tho 
puro crystulH disHapoar completely In the case of frozen H0% and 35% solutions of ethyl 
ben/euo, these disercle lines are leplaeed by u continuous build extending up to 9.1 cm -1 iroin 
the Rayleigh lmo It bus boon furtbei observed that when the strength of the chlorobenzene 
solution is increased Irom 25% to 10% the frozen muss becomes opaque and the low-lroquoncy 
lines uppear with Him intensities with iospect to tho molecular Raman lines the sumo as 
in the spectrum due to the puro crystals. From those results it lias boon concluded that 
at. (ho 4-0% concentration the molecules foun small groups which produce the low iiequency 
linos and that as all the molecules cannot be procopitutod us crystallites tho now linos tiro 
not due to such crystallites In the ease of tho ethyl benzene solution. Much groups contain 
molecules of both the constituents. It is Author pointed out that m tho ease of tho 10% 
solution of bromobonzeno. tho couconti ution being low, all tho rnoloculoH arc present as single 
molecules, and since the low-frequency Human lines ure absent m t his case, these lines are 
produced only by groups of moleeulos, 

INTRODUCTION 

From remit investigations oil the Raman spectra of benzene and toluene in 
frozen solutions of ethyl alcohol and other aliphatic solvents at -180°C (Kastha. 
1950) it was observed that the low-frequency Raman lines exhibited by crystals 
of pure benzene appear with unchanged frequency -shits and undiminished inten- 
sities, but the low frequency lines observed in the spectrum of pure toluene in 
the solid state at low temperature are replaced by a moderatoly strong band of 
frequency-shift 05 cm~ J in the case of frozen 81% solution m ethyl alcohol. 
Further, when the strength of the solution is reduced to 35%, this band is trans- 
formed into a weak continuous wing extending up to 95 cm \ 

These results indicate that the nature of the influence of environment is dif- 
ferent for benzene and its methyl derivative. It was observed by Ray (1951) 
that the number and frequency-shifts of low frequency Raman lines exhibited 
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by ethyl benzene in the solid state at — IS0°C wore almost identical with those 
observed in the spectrum of toluene crystals at the same temperature, while 
from a comparison of the Raman spectra of chlorobenzene (Ray, 1950) and bromo- 
benzene (Biswas, 1955) it was pointed out by Biswas (1955) that the number and 
frequency-shifts of the low-frequency Raman lines depend on the nature of the 
substituent atom in the benzene ring. It would, therefore, be interesting to find 
out how the low-frequency Raman lines exhibited by various substituted benzene 
compounds in the solid state are affected when they are dissolved in alcohol at 
— 180° C. The results of such an investigation on the Raman spectra of chloro- 
benzene, bromobenzone and ethylbenzene have been reported in the present 
paper. 

i 

EXPERIMENTAL [ 

The liquids mentioned above wore of chemically pure variety and were dis- * 
tilled under reduced pressure before use. Chemically pure ethyl alcohol used '> 
as the solvent way similarly distilled repeatedly to make it free from dust. Trans- 
parent homogeneous masses were obtained when 25% solution of cldoTobenzoue, 
35% and 80% solutions of ethyl benzene and 10% solution of bromobenzene 
in alcohol were frozen and cooled to - 1 S0°C. The Raman spectra due to these 
transparent masses were recorded with the arrangement described earlier (Kastlia, 
1956). The spectra of the pure substances and of a 40% solution of chloro- 
benzene in the solid state at — 1SO°0 were photographed by the usual method. 
A Fuchs glass spectrograph having a dispersion of 11 A.U./mm. in the region of 
4047 A.U. and Ilford Zenith plates were used to photograph the Raman spectra. 
The time of exposures varied from 2 to 14 hours. 

RESULTS AND DISCUSSION 

Enlarged spectrograms due to ethyl benzene , chlorobenzene and bromo- 
benzene m the solid state and in solutions of ethyl alcohol at, — 180°C are repro- 
duced in figures 1 — 8, Plate XVTI. The spectrum of ethyl alcohol in the frozen 
state at — 180°C is given in figure 9, Plate XVII, for comparison. 

(a) Ethyl benzene \ 

The Raman spectrum of ethyl benzene in the solid state at -“-180°C exhibits 
five low-frequency Raman lines at 48, 63, 81, 100 and 130 cm -1 , the intensity 
of the lines at 63, 81 and 100 cm” 1 being the same as that of the molecular line 
at 1027 cm " 1 (Ray, 1951), A comparison of the Raman spectrum of ethyl benzene 
in the solid state (figure 1) and frozen 80% solution at — 180°C shows that the 
descrete lines observed in the spectrum of the pure crystals are replaced by a 
continuous wing extending up to 93 cm” 1 from the Raleigh line with a band at 
about 88 cm -1 in the latter case. This band becomes extremely weak in the 
case of 35% frozen solution. A careful examination of the spectrogram due to 
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frozen ethyl alcohol (figure 9) reveals that there is no such band in the vicinity 
of the Rayleigh lino, and lienee the bands observed in the cases of 95% and 80% 
frozen solutions arc not duo to alcohol molecules. Similar baud was observed 
in the case of toluene dispersed in alcohol solution at — 180°C (Kastha, 1956) 
which was assigned to vibrations in groups containing molecules of both alcohol 
and toluene. Therefore, if can , similarly bo concluded that the band at 93 cm” 1 
observed in the case ol frozen 80% solution of ethyl benzene in alcohol may origi- 
nate from vibrations in groups of complex molecules formed between ethyl benzene 
and alcohol molecules and the partial breaking up of these groups is responsible 
lor the weakening of the baud in the case of 35% solution. The disappearance of 
the discrete lines is evidently due to the dissolution of the groups containing 
molecules of ethyl benzene alone The disappearance of the band at 88 cm” 1 
with increase of dilution up to 35% shows that the oxistoneo of more than one 
ethyl benzene molecule in the group containing molecules of both the constituents 
is necessary lor producing the band, because at lower dilution the ethyl bonzeno 
molecules are separated from each other and the band disappears, 

(b) Chlorobenzene . 

Ray (1950) reported live new low frequency lines at 4-6, 63, S3, J02 and 135 
cm -1 in the Raman spectrum ol chlorobenzene in the solid state at — 180°C. 
The intensity of those lines is greater than that of the molecular line at 1013 
cm -1 , A comparison of the speed nun of t he pure crystal (figure 4) with that due 
to a frozen 25% solution of chloioheuzone (figure 5) shows that the discrete lines 
observed ill tlio spectrum of the pure 1 solid arc absent in tins ease of the frozen 
solution. When the concentration of the solution is increased to 40%, however, 
the prominent low frequency lines at 63, 83 and 102 cm" 1 appear in the spectrum 
almost, with the same intensity as m the casooi the pure crystals (ligure 6), although 
the light scattered from the upper half of the frozen mass was photographed. 
It is difficult, to interpret this result on the assumption that crystals of pure 
chlorobenzene precipitated in the frozen 40% solution produced the low-frequency 
lines, because forma lion of glass at 25% concentration shows that at 40% concen- 
tration about 00% of the molecules remained hi the solution. Hence it is to be 
concluded that at the higher concentration when the chlorobenzene molecules 
come closer together, very small groups are formed and it is these small groups 
and not crystallites which are responsible for the origin of the low-frequency 
lines. This particular result thus conclusively proves that those low-frequoncy 
Raman lines due to those substances in the solid state are produced by small 
groups of molecules. 

(c) B rom/obmz&m : 

Brora obonz one in the solid state at - 180°0 exhibits strong low-frequoncy 
lines at 34, 96 and 130 cm-" 1 and two feeble fluorosccnce bands at 22940 and 21380 
cm” 1 respectively (Biswas, 1955). The lines at 34 and 96 era” 1 are more intense 
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than the molecular hue at 1019 cm -1 . It can be seen from the spectrograms 
duo to the pure crystals and a frozen 10% solution of bromobenzeno m ethyl 
alcohol reproduced in figures (7) and (8) that there is no trace of low-frequency 
hues in tin 4 spectra ol the frozen solution though the weaker line at 1019 cm -1 
has been iceordod with appreciable intensity. The fluorescence bands at 22940 
and 21)180 cm 1 observed in the spectrum of solid bromo benzene at — 180°C 
(Biswas 1955) aie also found to bo absent in the sped, rum of the frozen solution. 
The fluorescence bands were believed to arise from the distortion of the ring 
itself in the solid state (Biswas, 1955) Such a distortion might result from the 
formation of \ irtual bonds amongst- neighbouring molecules in the solid state at 
— ISO (\ The disappearance of the bands in solution probably indicates that the 
distortion of the rings is removed because of the breaking up ol these links, , 
Incidentally, it may be pointed out that- the non-appearance of the low-iiequency I 
hues in the spectrum of the frozen 10% solution may be accounted for by assuin- \ 
mg that the groups responsible for the appearance of the low -fi cqucncy lines \ 
break lip completely m the frozen solution. In a 10% solution there is very 
little likelihood of the existence of gioups of bromo benzene molecules and, there- 
fore, the single molecules dispel him I in the rigid glass do not produce any low- 
frequency Hainan lines as in the case of chlorobenzene discussed above 

Th us all the lesults obtained in Hie ease ol the three mono-substituted benzene 
compounds mentioned above point to the fact that the low -frequency Hainan 
liuos exhibited by the crystals of these sub, stances at - IS0 u C are due to oscilla- 
tions in groups of associated molecules and not due to any vibration m tlie'hittiees 
of the respective crystals. 
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Plate XVUI 

ABSTRACT The structure of alphardlulosc obtained from juto fibres by the modified 
American Choi meal Soeiofy’s method has boon determined ITolocollulose from juLe fi tiros 
and holoeolluloso treated with 9 3 por cent NaOR solution to remove about 93% hcmicol- 
1 uluses also have boon studied by X-rays. It 1 1 is been observed that alpliaeellulose.by the 
very method of its extinction lioin juto fibres, {lives a typical collusion TL diugrum Unlike 
hydrated jute fibres 1>Ium hydrate transfortnal ion is complete The dimensions of the unit 
cell of this nlpliucollulose Irom jute uro a -- S (Hi A., h — 10 3 A <• - St 02 A and ft — 

fi2°30' TIuh structure of ftlphucelhilose is quite different from that of liydial.ed jule fibies 
This difference lias been escribed to the lignin present in jut a fibics. On the other hnml, 
the struct um is very siindui to that of hydrated collulosi* obtained from cotton and ramie 
fibres by pnvmiis woi loirs In purity tins alpliacolluloso fro n jute fibres is of very high 
order. The diffuse ring passing through the (002) inflection of piio diugia.n which ns due to 
lignin, is not \ lsiblo m the pattern duo to lioJocelluloso The X-ray dilfiaction pattern due 
to holoeulluloio tieated willi 0 3 por r/mt NiiOIl solution is very clear and .sharp and the 
(101), (101) reflections are clearly resolved. Tho composite nature of these reductions and 
the imperfections of crystallinity ot raw juto fibres has been ascribed partly to the presence 
of homjcnllulo.soH 


INTROD U ( J T I O N 

Juto fibre is obtained from the inner bark of two species of jute plants C. 
capsularia (white jute) and 0, olitorius (tossa jute) The plant, tissues are built 
up of rolls enelosod within strong cell-walls 

The most important constituents of the mature eell-wall ot jute fibre are 
cellulose, hemieelluloses and lignin and they remain in closest association m 
the fibres. Lignin has got a stiffening effect oil the wall as a, whole. 

The cellulose proper or alpha-cellulose with hemieelluloses forms the cellu- 
losie frame-work of jute fibres and is called holocollulose. Some othci consti- 
tuents e.g., fat wax, nitrogeneous, colouring and mineral matter giving ash, are 
also present in small amounts 
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The average composition of jute fibre has bean determined by a large number 
of workers, but the most recent one is that of Barker el til. (1948) and may be 
given as follows (on over-dry basis) : 

Alpha-cellulose ... 50.7 to 60% 

Hemieelluloses 

(Ash and nitrogen free) ... 27.8 to 31.5% 

Lignm (Ash free) .. J0.3 to 13.8% 

Protein matter ... 1 to 2.8% 

Fat and wax (including 

extraetible colouring matter) ... 0.5 to 1.6% 

Ash ... 0.4 to 1.6% 

Alpliaccllidose. the eliiof constituent of jut o blues is chemically very similar 
in all essentials to cotton and ramie cellulose on whose structure and properties 
an extensive work lias boon done. 

It was first pointed out- bv "Bauer ji and Ray (1941) that the structure of 
cellulose in raw and delignilied jute fibre is exactly the same. Later Sirkar and 
Chowdhury (1946) observed that when lignm is partially removed from jute fibre, 
tho faint ring passing through the (002) reflection becomes much v oak. They 
also observed that some of the rl if traction spots become sharper indicating a 
change in the micellar size with bleaching of jute, fibres. Beil and Hermans (1919) 
using monochromatic X-rays, Cult radiation, studiod tho pattern due 'to holo- 
ceJIulosc and alphaceJlulo.se prepared from jute fibre by the method of Barker 
et al. (J948) and found t hat tho ring tlnongh the (002) reflection did not disappear 
completely. They concluded that this ring was partly due to disononled cellu- 
lose. Since these results are not m agreement with those reported by Birkar and 
Chowdhury (1946) that the ring through the (002) reflection of jute fibre diminishes 
considerably in intensity when the fibre is parlially deliguifiod, it was thought 
worth while to reinvesfigale the diffraction pattern of holocclluloso, holocellu- 
lose treated with 9.3% NaOH solution and alpha cellulose obtained by the method 
of Sarkor et al. (1948). 

EXPERIMENTAL 

According to tho method of Barker, Mazumder and Pal (1948) clean jute fibres 
free from bark were cut into small pieces (i") and extracted in a Boxhlct with 
alcohol —benzene (1.1) for six hours. Samples were then air-dried. Holo- 
cellulose was prepare 1 by treating the above sample with 0.7% sodium chlorite 
(Textonc) with acetic acid on boiling water bath for two hours (1 : 50). For com- 
plete oxidation the fibres were frequently stirred with a glass-rod. The samples 
were then washed with water and then with Hiilphur dioxide solution, and then 
again with water until acid free. Holocolluloae thus prepared was then treated 
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with. 9.3% NaOH solution, which removed about 93% of hemicelluloses. For 
the preparation of alpha-cellulose, Iiolocellulose was triturated with 17.5% NaOH 
solution (W/W) in the cold in a mortar, liquor ratio 1 : 25. The samples were 
spread in the mortar and half the calculated amount of NaOH” solution was added 
and triturated for 5 minutes. The remaining half was then added in four equal 
instalments in ten minutes, the trituration being continued all the time. The 
mixture was then allowed to stand for thirty minutes after which an equal amount 
of water was added. The whole was then filtered in a glass-jiltor. The samples 
were then washed gradually with NaOH solution of decreasing strength 5%, 2%, 
1% etc. and were then made alkali free by washing with water. Then they wore 
treated in the cold with 10% acetic acid for some time, washed with water and 
finally with hot water until fi eo from acid. 

Alphacell ulose thus prepared lost its fibrous form. X-ray diffraction photo- 
graphs of Iiolocellulose, Iiolocellulose treated with 9 3% NaOH solution and that 
of alphacellu lose were ta.ken in a fiat-film type camera with a very narrow slit 
of boro diameter 0 2 mui and of length 5 cm. Tn the case of Iiolocellulose treated 
with 9.3% NaOH solution the fibres were made paiallel with oxtronie difficulty 
yet tlie parallelism was not perfect but alpha-cellulose was practically in form 
of powder. Nickel filtered CuK radiation from a Had ding type X-ray tube 
was used. The specimen size, exposure time and photographic technique were 
maintained uniform for all the samples as far as practicable. Tlio tube was run 
at 45 K V., 5 m a. The samples were intimaiely mixed with aluminium powder, 
so that sample to film distance could he measured very accurately from the Al- 
lines. The relative humidity while taking the photographs varied from 65% to 
78%. 


RESULTS AND DISCUSSION 

X-ray diffraction photographs are reproduced in Plate XVIII. In the case 
of alpha-cellulose obtained from jute fibres the spacings of the reflecting planes 
(101), (101) and (002) as identified arc given m Table 1, along wiLli those obtained 
by Andress (1929) lor dry hydrate 1 cellulose and hydrated jute by Sirkar and 
Saha (1947). The dimensions of the unit cell in alpha-collulosc wero determined 
from the relation, 

l _ _ 

dfrici — p P 2 hi cos ft 

It^ sin^/T ' c a ~sin a /? nTc/iin" [i 6V 

whore h, k, l are the Miller indices of tho planes, d m ■= sparing of (hid) planes, 

a, b and c are tho axial lengths and p is tho anglo botween a and e axes, The 
values of u, b, c and p obtained are shown in Table I. 
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For the reflections due to other planes the relation 

^ d .01fl2/ 2 - .01 78/d -f .0()94.U 2 j Xl0 1(i 


4 sin 2 0 
A 2 


has been found to he satisfied. 


TABLE I 

Spacing of 101, I Of and 002 reflections of hydrated cellulose, hydrated jute 
and alphaccllulose with the corresponding dimensions of the unit cell 



llycliutncl cidWilnun 
dried (Andress) 

1! ycli n l.cd jute 
(Sirkjir (mil Snhu) 

Alpha coUliIohc 
from juto 
(Present authoi) 

ini 

7 :i2 a 

7 90 A 

7 20 A 

101 

1 4.1 A 

4 42 A 

4.40 A 

002 

4 o:j a 

4 03 A 

4.00 A 

<*> 

8. 14 A 

8 80 A 

8.00 A 

(ft) 

io ;io a 

10 30 A 

10 30 A 

(c) 

0 14 A 

9.10 V 

0.02 A 

P 

r> 2 °. 

17” i-r 

02’ 30' 


Study of the X-ray diffraction photograph (Plate XVIII, furore 1) and the sparing 
of the (002), (101 ) and ( 1 0 F ) reflections (Table I) dearly indicate that alph.wo'lu- 
lose gives a typical cellulose II diagram. It is also seen that this h viral c Irnun- 
formaliou is complete and the stiurluie of alphaccllulose, as shown in Table l, 
is very similar to that of dried hydrated cellulose (Andress, 1920) It may bo 
concluded that alphaccllulose from jute fibre becomes an alloiropic modification 
of cellulose due to its very method of preparation It is comparable, if not exatly 
the same, in purity with pure cellule, sic fibres. It, is also interesting to note that 
this structure of alphacellulose from jute fibres, differs from the Structure of 
hydrated jute fibres, as determined by Sir her and Saha (1947), This difference 
may be mainly due to the presence of lignin and partly due to the presence of that 
jiortion of bemicclliiloses which cannot be completely removed from jute fibres 
without removing lignin. 

It thus appeals that alphaccllulose. studied by Sim ami Hermans, was not 
really alphacellulose, because they did not observe such a change m the struc- 
ture and also crystallines were found to be highly oriented along the fibre axis, 
whereas in the present mvostigation almost a powder pattern is obtained, Tho 
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Fig- i. 


Fig. 2. 



I'ig- 3 Fig 4. 

X-ray diffraction photographs taken in a llal-film ranicra. 

Fig. r. Raw jute fibres mixed with Al-powder 
Fig. 2. Holoccllulose. 

Fig. 3. Holoccllulose treated with 9-3 \ NaOH solution. Fibr< 
mixed with Al-powder. 

Fig. 4. Alpha-cellulose mixed with Al-powdei. 
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pattern duo to holoecllulose (Plate XVIII, figure 2) shown thai the structure is the 
same as in raw jute fibre having a monoelinic unit celt with a — S 35 A, b — 

O u 

10. 3A (fibre-period), c — 7. 9 A and /» --- Sd ’ uud the space group is L’ 21 . The 
ring through the (002) reflection is not visible, so if can be concluded that this ring 
is mainly due to lignin On the other hand, when holocellulosu is treated with 
9.3% NaOH solution to remove about 93% of hemn cl lu loses the X-ray diffrac- 
tion photograph (Plate XV11J figure 3), a cellulose I diagram, becomes very clear 
and sharp, eompar able to ramie diagiam. (101) and ( 1 0 1 ) reilcctions are also 
resolved, and this is not observed in the diffraction pattern of holocellulose So 
this composite nature oi 101 and 101 reflections of jute X-ray diagram may he 
partly due to the presence oi iiLMiucolluIoses. It is more probable as pointed 
out by Aslbury, Preston and Norman (1935) that the imperfections of crystal - 
linily m bast fibres are largely due to the incorporation within the cellulose crys- 
tallites some portion of hemicelluloses m a stat e of mixed crystallisation 
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11. SPACE GROUP OF ANTHRONE 

S N. 8R1VA8TAVA 

Physics Dkpartmisnt, Allahabad Uniyrustty. 
(Receive for publication September 27, 1957) 


Anthrone (C 0 H 4 COC 0 H 4 OH 2 ) is crystallised from a solution in ethyl 
alcohol. From gonioinetric measurements it is found to have faces developed 
very similar to anthraquinone and was found practically lsomorphous with an- 
thraquinonc. From rotation photographs about three crystallographic axis 
it was found to be monoclinie with the following axial lengths and angle. 

a — lo.5ti A.I7. 
h = 3.98 A.U. 
c — 7.84 A.TJ. 

/y = 101 w 

The density of anthrone is 1.33 gms/e.c. and the molar weight, is 194 and the 
number of molecules calculated in the unit cell is two. The melting point oi 
anthrone is 153°C. The structural formula is as given below. 



Rotation and Weissenberg photographs about all the three axes were taken. 
From the Weissenberg photographs of k = 0, l, h = 0, l — 0 were revealed the 
two systematic absences. 

(1) In hOl reflection h odd absent, showing glide along a axis 

(2) In OkO reflection k odd absent showing screw axis along 6 axis. 
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The space group that corresponds to these absences is P2 1 la. As there are two 
molecules per unit cell, this space group requires that there should be the mole- 
cular centre of symmetry. The structural formula, however, shows that the 
molecule can have uo centre of symmetry. So there might be two possibilities : 

(l) One of these systematic absences is spurious. Since Old) reflections are 
much fewer than hOl planes it is more natural to expect that this may be 
spurious and the space-group is Pa. (2) The axial length is double (7.90 A, 0.) 
so that a unit cell contains 4 molecules instead of 2, ancl the space group is 
P k 2Ja as indicated above The two possibilities as detailed above are being more 
critically examined. 



REVIEW 


PHYSICOCHEMICAL CALCULATIONS 

K, A. GUGGENHEIM and .1. li. HUH 15 

This volume, unlike most otliei publications of a similar nature, is more than 
a mere physicochemical (lata book 111 each section the authors have given due 
emphasis on the piaclical handling of experimental data m a lucid manner. 
Procedures for calculations have been discussed on a theoictieal basis, followed 
by actual calculations using the experimental data available m literature, due 
attention being given to the units This is followed by a concise but critical 
discussion of the results and then* correlation to other work leported m literature 
Original and relevant literature references have been cited all through, aiu 
graphical methods of evaluation have been illustrated with neat diagrams. In 
the Introductory portion 1 lie authors have nicely presented the inter-relationship 
between the various units of measurement and the conversion from one scale 
to another. This book will be of great hetp to those wmrkeis who might have to 
start work in a field not quite familial to them The entire classification has been 
subjcclwise and includes the various problems connected with atomic and mole- 
cular weights. Avagadro’s number, moleculai velocities, intei atomic distances , 1 
moments of intertia, characteristic frequencies, elect uc moments and polari- 
zabilities, entropies,, heat capacities, equation ol state, mixtures of mm -electro- 
lytes, electrolytic solutions, conductance and diffusion of cleetiolytes, gaseous 
equilibria, chemical equilibria involving solids, solution equilibria, acid-base 
equilibria, genera] electrolytic equilibria, solid surfaces, liquid surfaces, gas 
mixtures, solution kinetics, and radioactivity. 

P.K 
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